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ADDENDA

Addenda, which include additions and revisions to
individual Sections of the Code, will be sent automati-
cally to purchasers of the applicable Sections up to the
publication of the 2013 Code. The 2010 Code is available
only in the loose-leaf format; accordingly, the Addenda
will be issued in the loose-leaf, replacement-page format.

INTERPRETATIONS

ASME issues written replies to inquiries concerning
interpretation of technical aspects of the Code. The
Interpretations for each individual Section will be pub-
lished separately and will be included as part of the
update service to that Section. Interpretations of
Section III, Divisions 1 and 2, will be included with the
update service to Subsection NCA.

xi

Interpretations of the Code are posted in January and
July at www.cstools.asme.org/interpretations.

CODE CASES

The Boiler and Pressure Vessel Committee meets regu-
larly to consider proposed additions and revisions to
the Code and to formulate Cases to clarify the intent
of existing requirements or provide, when the need is
urgent, rules for materials or constructions not covered
by existing Code rules. Those Cases that have been
adopted will appear in the appropriate 2010 Code Cases
book: “Boilers and Pressure Vessels” and “Nuclear
Components.” Supplements will be sent automatically
to the purchasers of the Code Cases books up to the
publication of the 2013 Code.



(10) FOREWORD

The American Society of Mechanical Engineers set
up a committee in 1911 for the purpose of formulating
standard rules for the construction of steam boilers and
other pressure vessels. This committee is now called the
Boiler and Pressure Vessel Committee.

The Committee’s function is to establish rules of safety,
relating only to pressure integrity, governing the con-
struction1 of boilers, pressure vessels, transport tanks
and nuclear components, and inservice inspection for
pressure integrity of nuclear components and transport
tanks, and to interpret these rules when questions arise
regarding their intent. This code does not address other
safety issues relating to the construction of boilers, pres-
sure vessels, transport tanks and nuclear components,
and the inservice inspection of nuclear components and
transport tanks. The user of the Code should refer to
other pertinent codes, standards, laws, regulations, or
other relevant documents. With few exceptions, the rules
do not, of practical necessity, reflect the likelihood and
consequences of deterioration in service related to spe-
cific service fluids or external operating environments.
Recognizing this, the Committee has approved a wide
variety of construction rules in this Section to allow the
user or his designee to select those which will provide
a pressure vessel having a margin for deterioration in
service so as to give a reasonably long, safe period of
usefulness. Accordingly, it is not intended that this Sec-
tion be used as a design handbook; rather, engineering
judgment must be employed in the selection of those
sets of Code rules suitable to any specific service or need.

This Code contains mandatory requirements, specific
prohibitions, and nonmandatory guidance for construc-
tion activities. The Code does not address all aspects of
these activities and those aspects which are not specifi-
cally addressed should not be considered prohibited.
The Code is not a handbook and cannot replace educa-
tion, experience, and the use of engineering judgment.
The phrase engineering judgment refers to technical judg-
ments made by knowledgeable designers experienced
in the application of the Code. Engineering judgments
must be consistent with Code philosophy and such judg-
ments must never be used to overrule mandatory
requirements or specific prohibitions of the Code.

The Committee recognizes that tools and techniques
used for design and analysis change as technology prog-
resses and expects engineers to use good judgment in

1 Construction, as used in this Foreword, is an all-inclusive term
comprising materials, design, fabrication, examination, inspection,
testing, certification, and pressure relief.
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the application of these tools. The designer is responsible
for complying with Code rules and demonstrating com-
pliance with Code equations when such equations are
mandatory. The Code neither requires nor prohibits the
use of computers for the design or analysis of compo-
nents constructed to the requirements of the Code. How-
ever, designers and engineers using computer programs
for design or analysis are cautioned that they are respon-
sible for all technical assumptions inherent in the pro-
grams they use and they are responsible for the
application of these programs to their design.

The Code does not fully address tolerances. When
dimensions, sizes, or other parameters are not specified
with tolerances, the values of these parameters are con-
sidered nominal and allowable tolerances or local vari-
ances may be considered acceptable when based on
engineering judgment and standard practices as deter-
mined by the designer.

The Boiler and Pressure Vessel Committee deals with
the care and inspection of boilers and pressure vessels
in service only to the extent of providing suggested rules
of good practice as an aid to owners and their inspectors.

The rules established by the Committee are not to be
interpreted as approving, recommending, or endorsing
any proprietary or specific design or as limiting in any
way the manufacturer’s freedom to choose any method
of design or any form of construction that conforms to
the Code rules.

The Boiler and Pressure Vessel Committee meets regu-
larly to consider revisions of the rules, new rules as
dictated by technological development, Code Cases, and
requests for interpretations. Only the Boiler and Pressure
Vessel Committee has the authority to provide official
interpretations of this Code. Requests for revisions, new
rules, Code Cases, or interpretations shall be addressed
to the Secretary in writing and shall give full particulars
in order to receive consideration and action (see Manda-
tory Appendix covering preparation of technical inquir-
ies). Proposed revisions to the Code resulting from
inquiries will be presented to the Main Committee for
appropriate action. The action of the Main Committee
becomes effective only after confirmation by letter ballot
of the Committee and approval by ASME.

Proposed revisions to the Code approved by the Com-
mittee are submitted to the American National Stan-
dards Institute and published at http://cstools.asme.org/
csconnect/public/index.cfm? PublicReviewpRevisions to
invite comments from all interested persons. After the
allotted time for public review and final approval by
ASME, revisions are published in updates to the Code.



Code Cases may be used in the construction of compo-
nents to be stamped with the ASME Code symbol begin-
ning with the date of their approval by ASME.

After Code revisions are approved by ASME, they
may be used beginning with the date of issuance. Revi-
sions, except for revisions to material specifications in
Section II, Parts A and B, become mandatory six months
after such date of issuance, except for boilers or pressure
vessels contracted for prior to the end of the six-month
period. Revisions to material specifications are origi-
nated by the American Society for Testing and Materials
(ASTM) and other recognized national or international
organizations, and are usually adopted by ASME. How-
ever, those revisions may or may not have any effect on
the suitability of material, produced to earlier editions
of specifications, for use in ASME construction. ASME
material specifications approved for use in each con-
struction Code are listed in the Guidelines for Accept-
able ASTM Editions and in the Guidelines for
Acceptable Non-ASTM Editions, in Section II, Parts A
and B. These Guidelines list, for each specification, the
latest edition adopted by ASME, and earlier and later
editions considered by ASME to be identical for ASME
construction.

The Boiler and Pressure Vessel Committee in the for-
mulation of its rules and in the establishment of maxi-
mum design and operating pressures considers
materials, construction, methods of fabrication, inspec-
tion, and safety devices.

The Code Committee does not rule on whether a com-
ponent shall or shall not be constructed to the provisions
of the Code. The Scope of each Section has been estab-
lished to identify the components and parameters con-
sidered by the Committee in formulating the Code rules.

Questions or issues regarding compliance of a specific
component with the Code rules are to be directed to
the ASME Certificate Holder (Manufacturer). Inquiries
concerning the interpretation of the Code are to be
directed to the ASME Boiler and Pressure Vessel
Committee. ASME is to be notified should questions
arise concerning improper use of an ASME Code
symbol.
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The specifications for materials given in Section II
are identical with or similar to those of specifications
published by ASTM, AWS, and other recognized
national or international organizations. When reference
is made in an ASME material specification to a non-
ASME specification for which a companion ASME speci-
fication exists, the reference shall be interpreted as
applying to the ASME material specification. Not all
materials included in the material specifications in Sec-
tion II have been adopted for Code use. Usage is limited
to those materials and grades adopted by at least one
of the other Sections of the Code for application under
rules of that Section. All materials allowed by these
various Sections and used for construction within the
scope of their rules shall be furnished in accordance
with material specifications contained in Section II or
referenced in the Guidelines for Acceptable Editions in
Section II, Parts A and B, except where otherwise pro-
vided in Code Cases or in the applicable Section of
the Code. Materials covered by these specifications are
acceptable for use in items covered by the Code Sections
only to the degree indicated in the applicable Section.
Materials for Code use should preferably be ordered,
produced, and documented on this basis; Guidelines for
Acceptable Editions in Section II, Part A and Guidelines
for Acceptable Editions in Section II, Part B list editions
of ASME and year dates of specifications that meet
ASME requirements and which may be used in Code
construction. Material produced to an acceptable specifi-
cation with requirements different from the require-
ments of the corresponding specifications listed in the
Guidelines for Acceptable Editions in Part A or Part B
may also be used in accordance with the above, provided
the material manufacturer or vessel manufacturer certi-
fies with evidence acceptable to the Authorized Inspec-
tor that the corresponding requirements of specifications
listed in the Guidelines for Acceptable Editions in Part
A or Part B have been met. Material produced to an
acceptable material specification is not limited as to
country of origin.

When required by context in this Section, the singular
shall be interpreted as the plural, and vice-versa; and the
feminine, masculine, or neuter gender shall be treated as
such other gender as appropriate.



(10) STATEMENT OF POLICY
ON THE USE OF CODE SYMBOLS AND

CODE AUTHORIZATION IN ADVERTISING

ASME has established procedures to authorize quali-
fied organizations to perform various activities in accor-
dance with the requirements of the ASME Boiler and
Pressure Vessel Code. It is the aim of the Society to
provide recognition of organizations so authorized. An
organization holding authorization to perform various
activities in accordance with the requirements of the
Code may state this capability in its advertising liter-
ature.

Organizations that are authorized to use Code
Symbols for marking items or constructions that have
been constructed and inspected in compliance with the
ASME Boiler and Pressure Vessel Code are issued
Certificates of Authorization. It is the aim of the Society
to maintain the standing of the Code Symbols for the
benefit of the users, the enforcement jurisdictions, and
the holders of the symbols who comply with all
requirements.

Based on these objectives, the following policy has
been established on the usage in advertising of facsimiles
of the symbols, Certificates of Authorization, and refer-
ence to Code construction. The American Society of

STATEMENT OF POLICY
ON THE USE OF ASME MARKING

TO IDENTIFY MANUFACTURED ITEMS

The ASME Boiler and Pressure Vessel Code provides
rules for the construction of boilers, pressure vessels,
and nuclear components. This includes requirements for
materials, design, fabrication, examination, inspection,
and stamping. Items constructed in accordance with all
of the applicable rules of the Code are identified with the
official Code Symbol Stamp described in the governing
Section of the Code.

Markings such as “ASME,” “ASME Standard,” or any
other marking including “ASME” or the various Code

xiv

Mechanical Engineers does not “approve,” “certify,”
“rate,” or “endorse” any item, construction, or activity
and there shall be no statements or implications that
might so indicate. An organization holding a Code
Symbol and/or a Certificate of Authorization may state
in advertising literature that items, constructions, or
activities “are built (produced or performed) or activities
conducted in accordance with the requirements of the
ASME Boiler and Pressure Vessel Code,” or “meet the
requirements of the ASME Boiler and Pressure Vessel
Code.” An ASME corporate logo shall not be used by
any organization other than ASME.

The ASME Symbol shall be used only for stamping
and nameplates as specifically provided in the Code.
However, facsimiles may be used for the purpose of
fostering the use of such construction. Such usage may
be by an association or a society, or by a holder of a Code
Symbol who may also use the facsimile in advertising to
show that clearly specified items will carry the symbol.
General usage is permitted only when all of a manufac-
turer’s items are constructed under the rules.

Symbols shall not be used on any item that is not con-
structed in accordance with all of the applicable require-
ments of the Code.

Items shall not be described on ASME Data Report
Forms nor on similar forms referring to ASME that tend
to imply that all Code requirements have been met when,
in fact, they have not been. Data Report Forms covering
items not fully complying with ASME requirements
should not refer to ASME or they should clearly identify
all exceptions to the ASME requirements.
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SUMMARY OF CHANGES

The 2010 Edition of this Code contains revisions in addition to the 2007 Edition with 2008 and
2009 Addenda. The revisions are identified with the designation (10) in the margin and, as
described in the Foreword, become mandatory 6 months after the publication date of the 2010
Edition. To invoke these revisions before their mandatory date, use the designation “2010 Edition”
in documentation required by this Code. If you choose not to invoke these revisions before their
mandatory date, use the designation “2007 Edition through the 2009 Addenda” in documentation
required by this Code.

The Record Numbers listed below are explained in more detail in “List of Changes in Record
Number Order” following this Summary of Changes.

Changes given below are identified on the pages by a margin note, (10), placed next to the
affected area.

Page Location Change (Record Number)

x, xi List of Sections (1) Paragraph below “Addenda”
editorially revised

(2) Second paragraph below
“Interpretations” editorially revised

(3) Paragraph below “Code Cases”
editorially revised

xii, xiii Foreword Ninth and eleventh paragraphs
editorially revised

xiv Statement of Policy on the (1) In third paragraph, last sentence
Use of Code Symbols added

(2) Last paragraph deleted

15 Table TM-130.2-1 Listing for SA-299 revised (09-1096)

29 Table TM-130.2-6 For SA-645, Grade added (09-280)

55 TM-260.3 In text table of subparagraph (b), last
row revised (09-280)

140 TF-740 Subparagraph (e) revised (09-280)

163 TR-210.3 Subparagraph (c) revised (09-222)

201 1-2.3 In subparagraph (a), first exponent in
equation corrected by errata to read
0.82 (10-232)

203–205 1-3.5.1 (1) In subparagraph (g)(1)(b), 6.86 m
corrected by errata to read 6.86 mm
(10-232)

(2) Subparagraph (i)(1) revised (07-27)
(3) Subparagraphs (i)(4) and (5) added

(07-27)

207–210 1-3.10 Subparagraph (d)(2)(a) revised (09-712)

1-3.11.1 Subparagraphs (e)(4)(b) and (f)(3)(b)
revised in their entirety (09-221)

1-3.11.2 Revised (09-221)
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Page Location Change (Record Number)

248 VII2 Subparagraph (b) editorially revised

249 VII4 Editorially revised

250, 251 VIII2 (1) In subparagraph (b), term Ia corrected
by errata to read La (09-2219)

(2) In subparagraph (c)(2), equation for
Sa corrected by errata (09-2219)

Fig. VIII2-1 In sketch (f), Case 3 corrected by errata
to read 3(c) (09-2219)

254 Fig. VIII2-4 In (a) and (b), equations for I1 and I2,
respectively, corrected by errata
(09-2219)

267–270 Mandatory Appendix XVI Added (08-725, 09-1781)

275 Table C1 For Note No. 11, Instruction editorially
revised

279 Form T-1A Item 5 editorially revised

280 Form T-1B Item 5 editorially revised

281 Form T-1C Item 5 editorially revised

282 Form T-2A Item 5 editorially revised

283 Form T-2B Item 5 editorially revised

284 Form T-2C Item 5 editorially revised

285 Form T-3A Item 3 editorially revised

286 Form T-3B Item 3 editorially revised

287 Form T-3C Item 3 editorially revised

290 E2 Subparagraphs (a) and (b) revised
(08-1487)

291, 292 E3 Subparagraphs (f), (f)(1), and (f)(2)
revised (08-1487)

E4 Subparagraphs (a) and (a)(2) revised
(08-1487)

294 E6 Subparagraph (b) revised (08-1487)

295, 296 E9 Revised in its entirety (08-1487)

E10 Revised in its entirety (09-766)

E11 Revised in its entirety (08-1487)

301–305 Nonmandatory Revised in its entirety (08-1487, 09-1093)
Appendix H

NOTE:
Volume 60 of the Interpretations to Section XII of the ASME Boiler and Pressure Vessel Code
follows the last page of this Edition.
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LIST OF CHANGES IN RECORD NUMBER ORDER

Record Number Change

07-27 Paragraph 1-3.5.1(i)(1) revised. Paragraphs 1-3.5.1(i)(4) and 1-3.5.1(i)(5) added for fatigue exemp-
tions to Category 331 tanks.

08-725 Added Mandatory Appendix XVI.
08-1487 Revised Appendices E and H to remove mandatory language.
09-221 Paragraphs 1-3.11.1(e)(4)(b), 1-3.11.1(f)(3)(b), and 1-3.11.2 revised in their entirety.
09-222 Revised PRD Certification Interval from 5 years to 6 years in paragraph TR-210.3(c).
09-280 Added Grade A designation for SA-645 in paragraphs TF-740(e), TM-260.3(a), and Table

TM-130.2-6.
09-712 Modal Appendix 1-3.10(d)(2) reference to “RD-1040” changed to “Part III, 2.5.3.2 ‘Welding

Method 2.’”
09-766 Nonmandatory Appendix E, paragraph E10 rewritten in its entirety.
09-1093 Deleted headers H5–H13 and renumbered H14 as H5. Renamed Article H4 and created new sub-

header H4.1, Category 400 Cargo Tanks.
09-1096 Added Grades A and B to SA-299 in Table TM-130.2-1.
09-1781 Equation (3) in paragraph XVI4 revised.
09-2219 Errata corrections to Mandatory Appendix VIII.
10-232 Errata corrections to Modal Appendix 1.
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2010 SECTION XII

PART TG
GENERAL REQUIREMENTS

Article TG-1
Scope and Jurisdiction

TG-100 INTRODUCTION

TG-100.1 Intent

The rules of this Section constitute requirements for
construction and continued service of pressure vessels
for the transportation of dangerous goods via highway,
rail, air, or water. Construction is an all-inclusive term
comprising materials, design, fabrication, examination,
inspection, testing, certification, and over-pressure pro-
tection. Continued service is an all-inclusive term refer-
ring to inspection, testing, repair, alteration, and
recertification of a transport tank that has been in ser-
vice. The term pressure vessel refers to the pressure
boundary defined by the geometric scope of this Section
and includes, but is not limited to, the shell, heads, and
openings. The term tank refers to the pressure vessel,
appurtenances, and additional components that are cov-
ered by the Modal Appendices (see TG-220.1).

The general requirements given in Part TG shall be
met for all vessels within the scope of this Section. In
addition, all the applicable requirements of Modal
Appendices, which address unique service conditions
of the vessel, shall be met.

TG-100.2 Applicability

(a) The rules of this Section apply specifically to pres-
sure vessels intended for transporting dangerous goods
(see Mandatory Appendix III) with design pressures
appropriate for the transportation mode and volumes
greater than 450 L (120 gal).

(b) Pressures normally incident to transportation,
including loading and unloading operations, are to be
considered.

(c) This Section does not contain rules to cover all
details of design and construction, and those aspects
that are not addressed shall not be considered prohib-
ited. Where complete details are not given, the
Manufacturer, subject to the acceptance of the Inspector,
shall provide details of design and construction that will
be as safe as those provided by the rules of this Section.
In the case of Class 3 vessels, the Design Certifying
Engineer shall perform this function. (For definition of
Inspector, see TG-410.)

1

TG-100.3 Laws or Regulations
The laws or regulations issued by the Competent

Authority covering the construction and continued ser-
vice of pressure vessels intended for transporting dan-
gerous goods shall be reviewed to determine if the
requirements are more restrictive than the rules of this
Section. Applicable laws and regulations may contain
additional requirements for pressure vessels used in the
transportation of dangerous goods, which are not
addressed in this Section, such as Code of Federal
Regulation, Title 49, Parts 100 through 185,
Transportation.

TG-110 SCOPE
TG-110.1 Geometric Scope of the Pressure Vessel

(a) The geometric scope of this Section shall, as a
minimum, include the pressure-containing parts of pres-
sure vessels up to and including the following:

(1) the first threaded joint for threaded connections.
(2) the face of the first flange for flanged

connections.
(3) the first sealing surface for proprietary connec-

tions or fittings for which rules are not provided for in
this Section.

(4) the welding end connection for the first circum-
ferential joint for welded connections to attached piping,
valves, and instruments, etc.

(5) the welding pad for attachment of any external
nonpressure attachments such as shipping frames, and
handling points, etc. Parts welded to these pads need
not comply with TG-110.1(b).

(6) pressure-retaining permanent covers and clo-
sures, including seals, bolting, and other mechanical
retainers at openings.

(b) Where nonpressure parts are directly welded to
the pressure-retaining surface of a pressure vessel, this
scope shall include the material, design, fabrication, and
testing requirements established for nonpressure attach-
ments by the applicable paragraphs of this Section.

(c) Items in addition to the pressure vessel transform
the vessel into a tank. These items are addressed in the
applicable Modal Appendix.
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TG-110.2 Physical Scope of the Pressure Vessel

(a) Internal pressure shall be in the range from 0 to
207 bar (full vacuum to 3,000 psig).

(b) The temperature range shall be from −269°C to
343°C (−452°F to 650°F).

(c) Thickness of shells and heads shall not exceed
38 mm (11⁄2 in.).

TG-120 VESSEL CLASSIFICATIONS

TG-120.1 Classifications Outside the Scope of This
Section

The following classes of pressure-containing equip-
ment are not within the scope of this Section:

(a) those items that are within the scope of other
Sections of the Code

(b) pressure-containing equipment that is an integral
part or component of a rotating or reciprocating mechan-
ical device mounted in a common setting with the vessel,
where the primary design considerations and/or design
stresses are derived from the functional requirements of
the device

(c) piping, valves, and other components beyond the
geometric scope described in TG-110.1 for the loading,
transport, and unloading of the vessel contents

TG-120.2 Stamping of Vessels Within the Scope of
This Section

(a) Any vessel that meets all applicable requirements
of this Section may be stamped with the “T” Code
symbol.

(b) Vessels manufactured and stamped under this Sec-
tion are not precluded from using parts stamped to
Section VIII, Division 1, as long as all requirements of
Section XII are met, except for stamping and reporting.
(See TM-110.10.)

TG-120.3 Vessel Class

For the purposes of obtaining Certificates of
Authorization, Inspections, and Stamping, vessels that
meet all applicable requirements of this Section shall be
designated as meeting one of three Classes. Vessel Class
is defined in the applicable Modal Appendix. It is deter-
mined by the hazard class of the dangerous goods, pres-
sure and mode of transport, as required by the
Competent Authority (see, e.g., Code of Federal
Regulations, Title 49, Part 173, Subpart F). Additional
requirements are provided in TG-430.

TG-130 DOCUMENTS REFERENCED BY THIS
SECTION

TG-130.1 Normative References

The latest edition of the following documents shall
be used, unless a specific edition is listed below. Items

2

in compliance with one of the Product Standards listed
in Table TG-130 are acceptable for use in construction,
unless specifically prohibited elsewhere in this Section.

ADR 2003, European Agreement Concerning the
International Carriage of Dangerous Goods by Road

Publisher: UN Economic Commission for Europe,
Information Service, Palais des Nations, CH-1211
Genève, Switzerland/Suisse

ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1 (e.g., see TG-120.2) and Division 2 (for
fatigue analysis only)

ASME PTC 25, Pressure Relief Devices
ASME QAI-1, Qualifications for Authorized Inspection

(see TG-410)

Publisher: The American Society of Mechanical
Engineers (ASME), Three Park Avenue, New York, NY
10016-5990; Order Department: 22 Law Drive, P.O. Box
2300, Fairfield, NJ 07007-2300

ASNT ACCP 1997, Rev. 3, ASNT Central Certification
Program (for Nondestructive Testing Personnel)

ASNT CP-189-95, ASNT Standard for Qualification and
Certification of Nondestructive Testing Personnel

ASNT Recommended Practice No. SNT-TC-1A-1996,
Guidelines for Personnel Qualification and Certifica-
tion in Nondestructive Testing (with 1998 Addenda)

Publisher: American Society for Nondestructive Testing
(ASNT), 1711 Arlingate Lane, P.O. Box 28518,
Columbus, OH 43228-0518

ANSI/NB-23 2004, 2005 Addenda, National Board
Inspection Code

Publisher: National Board of Boiler and Pressure Vessel
Inspectors, 1055 Crupper Avenue, Columbus,
OH 43229

Code of Federal Regulations, Title 49, Parts 100 through
185, Transportation

Publisher: Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C.
20402-9325

ISO 1496-3:1995, Series 1 freight containers —
Specification and testing — Part 3: Tank containers
for liquids, gases and pressurized dry bulk

ISO 21010:2004, Cryogenic vessels — Gas/materials
compatibility

ISO 21013-3:2006, Cryogenic vessels — Pressure relief
accessories for cryogenic service — Part 3: Sizing and
capacity determination

ISO 21014:2006, Cryogenic vessels — Cryogenic insula-
tion performance

Publisher: International Organization for Standardiza-
tion (ISO), 1, ch. de la Voie-Creuse, Case postale 56,
CH-1211, Genève 20, Switzerland/Suisse
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Table TG-130 Product Standards Referenced by This Section

Title Number Year

Unified Inch Screw Threads (UN and URN Thread Form) ASME B1.1 1989

Pipe Threads, General Purpose (Inch) ASME B1.20.1 1983

Cast Iron Pipe Flanges and Flanged Fittings ASME B16.1 1989

Pipe Flanges and Flanged Fittings ASME B16.5 1996

Factory-Made Wrought Steel Butt Welding Fittings ASME B16.9 1993

Forged Fittings — Socket-Welding and Threaded ASME B16.11 1991

Cast Bronze Threaded Fittings ASME B16.15 1985

Metallic Gaskets for Pipe Flanges: Ring-Joint, Spiral Wound, and ASME B16.20 1993
Jacketed

Cast Copper Alloy Pipe Flanges and Flanged Fittings: Class 150, 300, ASME B16.24 1991
400, 600, 900, 1500, and 2500

Ductile Iron Pipe Flanges and Flanged Fittings: Classes 150 and 300 ASME B16.42 1987

Large Diameter Steel Flanges: NPS 26 Through NPS 60 ASME B16.47 1996

Square and Hex Nuts (Inch Series) ASME B18.2.2 1987

Welded and Seamless Wrought Steel Pipe ASME B36.10M 1985

TG-130.2 Informative References

API 527, Seat Tightness of Pressure Relief Valves
API RP-579, Fitness for Service
Publisher: American Petroleum Institute (API), 1220 L

Street, NW, Washington, D.C. 20005-4070

ASTM E 399, Standard Test Method for Plane-Strain
Fracture Toughness of Metallic Materials

ASTM E 1820, Standard Test Method for Measurement
of Fracture Toughness

Publisher: American Society for Testing and Materials
(ASTM), 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959

CGA G-4.1, Cleaning Equipment for Oxygen Service
CGA S-1.2, Pressure Relief Device Standards, Part 2:

Cargo and Portable Tanks for Compressed Gases

Publisher: Compressed Gas Association, Inc. (CGA),
4221 Walney Road, Chantilly, VA 20151

IMDG Code 2002, International Maritime Dangerous
Goods Code (including Amendment 31-02)

Publisher: International Maritime Organization (IMO),
4 Albert Embankment, London, SE1 7SR

RID 2003, Carriage of Dangerous Goods
Publisher: Intergovernmental Organisation for Interna-

tional Carriage by Rail (OTIF), Gryphenhübeliweg 30,
CH-3006, Berne, Switzerland/Suisse
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United Nations Recommendations on the Transport of
Dangerous Goods — Model Regulations

Publisher: United Nations Publications, 2 UN Plaza,
New York, NY 10017

UL-969, Marking and Labeling Systems
Publisher: Underwriters Laboratories, Inc. (UL), 333

Pfingsten Road, Northbrook, IL 60062-2096

TG-140 UNITS OF MEASUREMENT

Either U.S. Customary, SI, or any local customary units
may be used to demonstrate compliance with all require-
ments of this edition (e.g., materials, design, fabrication,
examination, inspection, testing, certification, and over-
pressure protection.

In general, it is expected that a single system of units
shall be used for all aspects of design except where
unfeasible or impractical. When components are manu-
factured at different locations where local customary
units are different than those used for the general design,
the local units may be used for the design and documen-
tation of that component. Similarly, for proprietary com-
ponents or those uniquely associated with a system of
units different than that used for the general design, the
alternate units may be used for the design and documen-
tation of that component.

For any single equation, all variables shall be
expressed in a single system of units. When separate



2010 SECTION XII

equations are provided for U.S. Customary and SI units,
those equations must be executed using variables in
the units associated with the specific equation. Data
expressed in other units shall be converted to U.S. Cus-
tomary or SI units for use in these equations. The result
obtained from execution of these equations may be con-
verted to other units.

Production, measurement and test equipment, draw-
ings, welding procedure specifications, welding proce-
dure and performance qualifications, and other
fabrication documents may be in U.S. Customary, SI, or
local customary units in accordance with the fabricator’s
practice. When values shown in calculations and analy-
sis, fabrication documents or measurement and test
equipment are in different units, any conversions neces-
sary for verification of Code compliance, and to ensure
that dimensional consistency is maintained, shall be in
accordance with the following:

(a) Conversion factors shall be accurate to at least four
significant figures.

(b) The results of conversions of units shall be
expressed to a minimum of three significant figures.

Conversion of units, using the precision specified
above shall be performed to ensure that dimensional
consistency is maintained. Conversion factors between
U.S. Customary and SI units may be found in the Non-
mandatory Appendix G, Guidance for the Use of U.S.
Customary and SI Units in the ASME Boiler and Pressure
Vessel Code. Whenever local customary units are used,
the Manufacturer shall provide the source of the conver-
sion factors which shall be subject to verification and
acceptance by the Authorized Inspector or Certified
Individual.
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Material that has been manufactured and certified to
either the U.S. Customary or SI material specification
(e.g., SA-516 or SA-516M) may be used regardless of
the unit system used in design. Standard fittings (e.g.,
flanges, elbows, etc.) that have been certified to either
U.S. Customary or SI units may be used regardless of
the units system used in design.

All entries on a Manufacturer’s Data Report and data
for Code-required nameplate marking shall be in units
consistent with the fabrication drawings for the compo-
nent using U.S. Customary, SI, or local customary units.
It is acceptable to show alternate units parenthetically.
Users of this Code are cautioned that the receiving juris-
diction should be contacted to ensure the units are
acceptable.

It has been customary for transport tanks to express
pressure in bars (1 bar p 14.5 psi). The bar is not a
standard SI unit, but its use is encouraged where
appropriate.

The User may specify a duplicate nameplate (per Arti-
cle TS-1) and duplicate certified documents translated
into the language and units of measurement appropriate
for the modal service application.

TG-150 EQUATIONS

The equations in this Section may be used with any
consistent set of units. When constants in the equations
depend on units, the equations for both sets of units are
provided. Either SI units or U.S. Customary units may
be used for compliance with this Section, but one system
shall be used consistently throughout for all phases of
construction.
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Article TG-2
Organization of Section XII

TG-200 ORGANIZATION

TG-210 PARTS

This Section is divided into ten parts.
(a) Part TG contains general requirements.
(b) Part TM contains the material requirements.
(c) Part TD contains the design requirements.
(d) Part TW contains the requirements for welded

construction.
(e) Part TF contains the fabrication requirements.
(f) Part TE contains requirements for nondestructive

examination.
(g) Part TT contains the testing requirements.
(h) Part TR contains rules for pressure relief devices.
(i) Part TS contains the stamping and certification

requirements. It also provides requirements for Manu-
facturer’s Data Reports and other records.

(j) Part TP contains the requirements for continued
service, repair, and alterations.

TG-220 APPENDICES

TG-220.1 Modal Appendices

The Modal Appendices contain rules for vessels used
in specific transport modes and service applications. The
Modal Appendices take precedence over the require-
ments of other parts of this Section.

TG-220.2 Mandatory Appendices

The Mandatory Appendices contain specific rules that
are not covered elsewhere in this Section. Their require-
ments are mandatory when applicable.

TG-220.3 Nonmandatory Appendices

The Nonmandatory Appendices provide information
and suggested good practices. The information pro-
vided is not mandatory; however, if a nonmandatory
appendix is used, it shall be used in its entirety, to the
extent applicable.

TG-230 ARTICLES AND PARAGRAPHS

TG-230.1 Articles

The main divisions of the Parts of this Section are
designated as Articles. These are given numbers and
titles such as Article TG-1, Scope and Jurisdiction.
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TG-230.2 Paragraphs and Subparagraphs

The Articles are divided into paragraphs and subpara-
graphs, which are given three-digit numbers, the first
of which corresponds to the Article number. Each such
paragraph or subparagraph number is prefixed with
letters that, with the first digit (hundreds), indicate the
Part and Article of this Section in which it is found,
such as TD-140, which is a subparagraph of TD-100 in
Article TD-1 of Part TD.

(a) Major subdivisions of paragraphs, or subpara-
graphs, are indicated by the basic paragraph number,
followed by a decimal point and one or two digits. Each
of these subdivisions is titled.

(b) Minor subdivisions of paragraphs are designated
(a), (b), etc.

(c) Where further subdivisions are needed, they are
designated by numbers in parentheses [e.g.,
TG-230.2(b)(1)].

TG-230.3 Tables, Charts, and Figures

Tables, charts, and figures providing relevant illustra-
tions or supporting information for text passages have
been designated with numbers corresponding to the
paragraph they illustrate or support. Multiple tables,
charts, and figures referenced by the same paragraph
shall be designated with the paragraph number with a
hyphen, and sufficient additional numbers reflecting the
order of reference.

TG-240 REFERENCES

When a Part, Article, or paragraph is referenced in
this Section, the reference shall be taken to include all
subdivisions under that Part, Article, or paragraph
(including all subparagraphs) and any tables, charts, or
figures referenced by that paragraph.

TG-250 TERMS AND DEFINITIONS

Terms and definitions used in this Section are defined
where they first appear or are of primary interest. Some
of these terms and definitions are also included in
Mandatory Appendix III.
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Article TG-3
Responsibilities and Duties

TG-300 GENERAL

The Owner, Manufacturer, and Inspector involved in
the construction of vessels and vessel parts to the rules
of this Section and the Party responsible for continued
service have definite responsibilities and duties in meet-
ing the requirements of this Section. The responsibilities
and duties set forth in the following paragraphs relate
only to compliance with the rules of this Section, and
are not to be construed as involving contractual relations
or legal liabilities. Whenever Owner appears in this docu-
ment, it may be considered to apply also to an Agent
or User acting in the Owner’s behalf. When the Owner
is not identified before the vessel is manufactured, the
responsibilities assigned to the Owner in TG-310 apply
to the Manufacturer.

TG-310 OWNER’S RESPONSIBILITY

It is the responsibility of the Owner or his designated
agent to provide the Manufacturer with the necessary
information regarding modal application and service
conditions, including the hazardous material to be trans-
ported, design pressure and temperatures, design loads,
corrosion allowance, and other pertinent information
needed to determine the design and construction
requirements of the vessel.

TG-310.1 User’s Responsibilities

In addition to the responsibilities agreed upon
between the Owner and the User, the User is responsible
for meeting the requirements for continued service, see
Part TP.

TG-320 MANUFACTURER’S RESPONSIBILITY

The Manufacturer has the responsibility of ensuring
that the quality control, the detailed examinations and
tests required by this Section are performed. The
Manufacturer shall perform duties as specified by the
rules of this Section.

Some, but not all, of these duties that are defined
elsewhere within the applicable rules of this Section are
summarized as follows:

(a) Prepare a Quality Control System and obtain the
Certificate of Authorization from the ASME Boiler and
Pressure Vessel Committee authorizing the construction
and stamping of a specific class of vessel.
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(b) Prepare or obtain the drawings and design calcula-
tions for the vessel or part.

(c) Provide for identification for all materials used in
the fabrication of the vessel or part.

(d) Obtain any Partial Data Reports (TS-310) and
attach to the vessel data report.

(e) Provide access for the Inspector.
(f) Examine all materials before fabrication to make

certain they meet the required thickness, to detect
defects, to make certain the materials are permitted by
this Section, and to ensure that the traceability to the
material identification has been maintained.

(g) Document any impact tests and any tests in addi-
tion to those in the material specification.

(h) Obtain concurrence of the Inspector, prior to any
repair.

(i) Examine the shell and head sections to confirm
they have been properly formed to the specified shapes
within the permissible tolerances.

(j) Qualify the welding procedures before they are
used in fabrication.

(k) Qualify welders and welding operators.
(l) Examine all parts, prior to joining, to make sure

they have been properly fitted for welding and that
the surfaces to be joined have been cleaned and the
alignment tolerances are maintained.

(m) Examine parts as fabrication progresses, for mate-
rial marking, for detection of flaws, and to ensure that
dimensional tolerances are maintained.

(n) Provide controls to ensure that all required heat
treatments are performed.

(o) Record all nondestructive examinations per-
formed on the vessel or vessel parts. This shall include
retaining the radiographic film.

(p) Perform the required hydrostatic or pneumatic
test and maintain a record of such test.

(q) Apply the required stamping and or nameplate
to the vessel and make certain that it is applied to the
proper vessel.

(r) Prepare the required Manufacturer’s Data Report
and have it certified by the Inspector.

(s) Provide for retention of Manufacturer ’s Data
Reports.

TG-320.1 Structural and Pressure-Retaining Integrity

The Manufacturer is responsible for the structural and
pressure-retaining integrity of the vessel or vessel part
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and for compliance with the requirements specified by
the Owner and the rules of this Section.

TG-320.2 Code Compliance

(a) The Manufacturer has the responsibility to comply
with all the applicable requirements of this Section and,
through proper certification, to ensure that any work
performed by others also complies with all the require-
ments of this Section.

(b) The Manufacturer shall certify compliance with
these requirements by the completion of the appropriate
Manufacturer ’s Data Report, as prescribed in
Article TS-3.

TG-330 INSPECTOR’S DUTIES

It is the duty of the Inspector to verify that the inspec-
tions and tests specified by the rules of this Section are
performed, ensuring that materials are in accordance
with the requirements of the material specifications, that
the construction is in accordance with the
Manufacturer’s design calculations and drawings, and
that the requirements of this Section are met. This
includes monitoring the Manufacturer’s Quality Control
System to ensure that the proper controls for materials,
design, drawings, and fabrication are properly imple-
mented. The Inspector shall certify the above to be true to
the best of his knowledge by signing the Manufacturer’s
Data Report. The Inspector does not have the duty of
determining the completeness or correctness of the
design calculations; however, the Inspector does have
the duty of establishing that the Manufacturer of the
completed vessel has prepared design calculations that
address the requirements of this Section.

The Inspector shall make other inspections as in his
judgment are necessary to verify that all vessels that he
authorizes to be stamped with the Code symbol have
been designed and constructed in accordance with the
requirements of this Section. Some, but not all, of the
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required inspections and verifications that are defined
elsewhere within the applicable rules of this Section are
summarized as follows:

(a) verifying that the Manufacturer has a valid
Certificate of Authorization and is working to a Quality
Control System

(b) verifying that the applicable design calculations
are available

(c) verifying that the materials used in the construc-
tion of the vessel comply with the requirements of this
Section

(d) verifying that all welding procedures have been
qualified

(e) verifying that all welders, welding operators have
been qualified

(f ) verifying that the heat treatments, including
PWHT, have been performed

(g) verifying that material imperfections repaired by
welding were repaired properly

(h) verifying that weld defects were acceptably
repaired

(i) verifying that required nondestructive examina-
tions, impact tests, and other tests have been performed
and that results are acceptable

(j) making a visual inspection of the vessel to confirm
that there are no surface defects or deviations from
Code-required dimensions

(k) performing internal and external inspections and
witnessing the hydrostatic or pneumatic tests

(l) verifying that the required marking is provided
and that proper nameplate has been attached to the
vessel

(m) signing the Certificate of Inspection on the
Manufacturer ’s Data Report and Certificate of
Conformance Form that serves as the acceptance docu-
ment for the vessel when, to the best of his knowledge
and belief, the vessel is in compliance with all provisions
of this Section
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Article TG-4
General Rules for Inspection

TG-400 GENERAL REQUIREMENTS FOR
INSPECTION AND EXAMINATION

The inspection and examination of vessels to be
stamped with the Code symbol shall conform to the
general requirements for inspection and examination in
this Article, and to the specific requirements for inspec-
tion and examination given in the applicable Parts and
Modal Appendices of this Section.

TG-410 THE INSPECTOR

All references to Inspectors throughout this Section
mean the Inspector or Certified Individual, as defined
in this paragraph, responsible for verification of the
inspection and testing of pressure vessels or parts
thereof. All Inspections required by this Section shall be
performed by the type of Inspector identified in TG-430
for the specific Class of vessel to be constructed or
repaired.
ASME Qualified Inspection Organization (QIO): an organi-
zation that is qualified by ASME to criteria specified in
the appropriate code or standard to provide designated
oversight through the use of Qualified Inspectors (QI);
not an Authorized Inspection Agency and not an entity
authorized by ASME to use its marks.
Authorized Inspector (AI): an inspector regularly
employed by an ASME-accredited Authorized
Inspection Agency (AIA), who has been qualified to
ASME developed criteria, to perform inspections under
the rules of any jurisdiction that has adopted the ASME
Code.

The Authorized Inspector shall not be in the employ
of the Manufacturer. The AIA and supervisor’s duties
and qualifications and AI qualifications are as required
in the latest edition and addenda of ASME QAI-1,
Qualifications for Authorized Inspection.
Certified Individual (CI): an individual certified by an
ASME accredited organization authorized to use ASME
marks, either a full-time or part-time employee or con-
tractor to the ASME certificate holder. The CI is neither
an AI nor a QI as described above; however, the CI shall
be certified and qualified to perform inspections by the
CI’s employer. The CI may be in the employ of the
Manufacturer.

Qualifications shall include as a minimum:
(a) knowledge of the requirements of this Section of

the Code for application of the appropriate Code Symbol
Stamp
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(b) knowledge of the Manufacturer’s Quality System
Program

(c) training commensurate with the scope, complex-
ity, or special nature of the activities to which oversight
is to be provided

(d) a record, maintained, and certified by the
Manufacturer, containing objective evidence of the qual-
ifications of the CI and training provided

The CI’s qualifications and duties are as required in
the latest edition and addenda of ASME QAI-1,
Qualifications for Authorized Inspection.

Qualified Inspector (QI): an inspector regularly employed
by an ASME Qualified Inspection Organization (QIO)
who has been qualified to ASME-developed criteria by
a written examination, to perform inspections under the
rules of any jurisdiction that has adopted the ASME
Code. The QI shall not be in the employ of the
Manufacturer.

The QIO’s and supervisor’s duties and qualifications
and the QI’s qualifications are as required in the latest
edition and addenda of ASME QAI-1, Qualifications for
Authorized Inspection.

TG-420 ACCESS FOR THE INSPECTOR

The Manufacturer of the pressure vessel or part
thereof shall arrange for the Inspector to have free access
to such parts of all plants as are concerned with the
supply or manufacture of materials for the vessel or part,
when so requested. The Inspector shall be permitted free
access at all times while work on the vessel is being
performed to all parts of the Manufacturer’s shop that
concern the construction of the vessel during the period
of its assembly and testing. The Manufacturer shall keep
the Inspector informed of the progress of the work and
shall notify him/her reasonably in advance when the
vessel or materials will be ready for any required tests
or inspections.

TG-430 THE MANUFACTURER

(a) Manufacturers of Class 1 vessels constructed in
accordance with the rules of this Section shall have in
force, at all times, a valid inspection contract or
agreement with an accredited Authorized Inspection
Agency, employing Authorized Inspectors as defined in
this Article.
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(b) Manufacturers of Class 2 vessels constructed in
accordance with the rules of this Section shall have in
force, at all times, a valid inspection contract or
agreement with an accredited QIO, employing Qualified
Inspectors as defined in this Article.

(c) Manufacturers of Class 3 vessels constructed in
accordance with the rules of this Section shall employ
a Certified Individual as defined in this Article.

(d) Vessel Classes are designated in the applicable
Modal Appendix.

(e) Authorized Inspection Agencies may provide
inspection services for Manufacturers of Class 2 and
Class 3 vessels. Qualified Inspection Organizations may
provide inspection services for Manufacturers of Class 3
vessels.
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TG-440 CONTINUED SERVICE

(a) Personnel performing inspections during the
course of repair, alteration, or continued service of these
pressure vessels shall meet the requirements of TG-430.

(b) Users may perform continued service inspections
and tests if no rerating, repairs, or alterations requiring
welding are performed, except see TG-100.3.

(c) Users may perform continued service inspections,
including repairs and alterations, if the User possesses
a valid Owner/User Certificate of Authorization issued
by The National Board of Boiler and Pressure Vessel
Inspectors, and the Inspectors possess a National Board
Owner/User commission and are in the employ of the
Owner/User.
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PART TM
MATERIAL REQUIREMENTS

Article TM-1
Material Requirements

TM-100 GENERAL

The requirements of Part TM are applicable to all
pressure parts in pressure vessels and attachments to
pressure parts, except as permitted by the applicable
Modal Appendix, and shall be used in conjunction with
the specific requirements given elsewhere in this Section
that pertain to the method of fabrication, the material
used, and the commodities being transported. See the
applicable Modal Appendix for materials for other parts
of transport tanks.

TM-110 GENERAL REQUIREMENTS FOR ALL
PRODUCTS

(a) Material subject to stress due to pressure, and
attachments that are essential to structural integrity of
the pressure vessel when welded to pressure-retaining
components, shall conform to one of the specifications
given in Tables TM-130.2-1 through TM-130.2-7 and
listed in Section II, Parts A and B, except as otherwise
permitted in TM-110.5, TM-110.10, TM-120, and
TM-130.1. Material may be identified as meeting more
than one material specification or grade, provided the
material meets all requirements of the identified material
specification(s) or grade(s).

(b) Except as limited by TM-180.2, material for non-
pressure parts, such as baffles, extended heat transfer
surfaces, insulation supports, and minor attachments1

(such as clips, locating lugs, nameplates) need not con-
form to the specifications for the material to which they
are attached or to a material specification permitted in
this Section; but if attached to the vessel by welding, it
shall be of weldable quality. The allowable stress values
for material not identified in accordance with Tables
TM-130.2-1 through TM-130.2-7 shall not exceed 80%
of the maximum allowable stress value permitted for
similar material in Tables TM-130.2-1 to TM-130.2-7.

(c) Materials other than those allowed by this Section
may not be used, unless data thereon are submitted to

1 Minor attachments are parts of small size [not over 10 mm
(3⁄8 in.) thick or 80 cm3 (5 in.3) volume] that support no load or
insignificant load.
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and approved by the Boiler and Pressure Vessel Commit-
tee in accordance with Appendix 5 in Section II, Part D.

(d) Materials outside the limits of size and/or thick-
ness listed in the title or scope clause of the specifications
listed in Tables TM-130.2-1 through TM-130.2-7, and per-
mitted elsewhere in this Section, may be used if the
material is in compliance with the other requirements
of the specification and no size or thickness limitation
is given in the stress tables. In those specifications in
which chemical composition or mechanical properties
vary with size or thickness, materials outside the range
shall be required to conform to the composition and
mechanical properties shown for the nearest specified
range.

(e) All material used for construction of vessels and
appurtenances must be suitable for the modal applica-
tion and conditions specified by the User (see TG-310)
and shall comply with the additional requirements in
the applicable Modal Appendices.

TM-110.1 Plates

Plates used in the construction of vessels shall con-
form to one of the specifications in Tables TM-130.2-1
through TM-130.2-7 for which allowable stress values
are given in Section II, Part D, except as otherwise pro-
vided in TM-110(a) through (e), TM-110.10, TM-120, and
TM-130.1.

TM-110.2 Forgings

Forged material may be used in vessel construction,
provided the material has been worked sufficiently to
remove the coarse ingot structure. Specifications for
acceptable forging materials are given in Tables
TM-130.2-1 through TM-130.2-7 and maximum allow-
able stress values in Section II, Part D.

TM-110.3 Castings

Cast material may be used in the construction of ves-
sels and vessel parts. Specifications for acceptable cast-
ing materials are listed in Tables TM-130.2-1 through
TM-130.2-7 and the maximum allowable stress values
in Section II, Part D. Castings shall comply with the
additional requirements in TM-190. The allowable stress
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values shall be multiplied by the applicable casting qual-
ity factor given in TM-190.

TM-110.4 Pipe and Tubes

Pipe and tubes of seamless or welded construction
conforming to one of the specifications given in Tables
TM-130.2-1 through TM-130.2-7 may be used for shells
and other parts of transport tanks. Allowable stress val-
ues for the materials used in pipe and tubes are given
in Section II, Part D.

TM-110.5 Welding Materials

Welding materials used for production shall comply
with the requirements of this Section, Section IX, and
the applicable qualified welding procedure specifica-
tion. When the welding materials comply with one of
the specifications in Section II, Part C, the marking or
tagging of the material, containers, or packages as
required by the applicable Section II specification may
be accepted for identification in lieu of a Material Test
Report or a Certificate of Compliance. When the welding
materials do not comply with one of the specifications
of Section II, the marking or tagging shall be identifiable
with the welding materials set forth in the welding pro-
cedure specification and may be accepted in lieu of a
Material Test Report or a Certificate of Compliance.

TM-110.6 Bolts and Studs

(a) Bolts and studs may be used for the attachment
of removable parts. Permissible specifications are listed
in Tables TM-130.2-1 through TM-130.2-7. Nuts and bolts
shall conform to the requirements of TM-110.6 and the
additional rules in TM-150.1, TM-150.5, or TM-160.1, as
applicable. The allowable stresses for bolting materials
are given in Section II, Part D, Table 3.

(b) Studs shall be threaded full length or shall be
machined down to the root diameter of the thread in the
unthreaded portion, provided that the threaded portions
are at least 11⁄2 diameters in length. Studs greater than
eight diameters in length may have an unthreaded por-
tion that has the nominal diameter of the thread, pro-
vided the following requirements are met:

(1) the threaded portions shall be at least 11⁄2 diame-
ters in length

(2) the stud shall be machined down to the root
diameter of the thread for a minimum distance of 0.5
diameters adjacent to the threaded portion

(3) a suitable transition shall be provided between
the root diameter and the unthreaded portion

(4) particular consideration shall be given to any
dynamic loadings

TM-110.7 Nuts and Washers

(a) Nuts shall conform to the requirements in the
applicable paragraph elsewhere in this Code (see
TM-150.1, TM-150.2, and TM-160.2). They shall engage
the threads for the full depth of the nut.
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(b) The use of washers is optional. When used, they
shall be of wrought materials.

TM-110.8 Rods and Bars

Rod and bar stock may be used in the vessel construc-
tion for pressure parts such as flange rings, stiffening
rings, frames for reinforced openings, stays and stay-
bolts, and similar parts. Rod and bar materials shall
conform to the requirements for bars or bolting in the
applicable section elsewhere in this Code (see TM-150.4).

TM-110.9 Ferritic Steels With Tensile Properties
Enhanced by Heat Treatment

Except when specifically prohibited by Part TM (see
TM-180.2 and TW-130.7), steels listed in
Table TM-130.2-6 may be used for the entire vessel or for
individual components that are joined to other Grades
listed in that Table or to other steels conforming to the
specifications in Tables TM-130.2-1 or TM-130.2-2. The
maximum allowable stress values for the materials listed
in Table TM-130.2-6 are given in Section II, Part D.

TM-110.10 Prefabricated or Preformed Pressure
Parts

Prefabricated or preformed pressure parts for vessels
that are subject to stress due to pressure and that are
furnished by other than the shop of the Manufacturer
responsible for the vessel to be marked with the Code
symbol shall conform to all applicable requirements of
this Section as related to the vessel, including service
restrictions applicable to the material, inspection in the
shop of the parts Manufacturer, and the furnishing of
Partial Data Reports, except as permitted in TM-
110.10(a), (b), and (c). When the prefabricated or pre-
formed parts are furnished with a nameplate and the
nameplate interferes with further fabrication or service,
and where stamping on the material is prohibited, the
Manufacturer of the completed vessel, with the concur-
rence of the Inspector, may remove the nameplate. The
removal of the nameplate shall be noted in the
“Remarks” section of the tank Manufacturer ’s Data
Report. The nameplate shall be destroyed. The rules of
TM-110.10(a), (b), and (c) shall not be applied to quick-
actuating closure.

(a) Cast, Forged, Rolled, or Die-Formed Standard
Pressure Parts

(1) Pressure parts, such as pipe fittings, flanges,
nozzles, welding necks, welding caps, manhole frames
and covers, that are wholly formed by casting, forging,
rolling, or die forming shall not require inspection, iden-
tification in accordance with TM-140.1(a) or (b), or
Partial Data Reports. Standard pressure parts, which
comply with some ASME/ANSI standard, shall be made
of materials permitted by this Section or of materials
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specifically listed in an ASME/ANSI product standard2

listed elsewhere in this Section. Standard pressure parts,
which comply with a Manufacturer’s standard, shall be
made of materials permitted by this Section. Parts made
to either an ASME/ANSI standard or Manufacturer’s
standard shall be marked with the name or trademark
of the parts Manufacturer and such other markings as
are required by the standard. Such markings shall be
considered as the parts Manufacturer’s certification that
the product complies with the material specifications
and standards indicated and is suitable for service at
the rating indicated. The intent of this paragraph will
have been met if, in lieu of the detailed marking on the
part itself, the parts described herein have been marked
in any permanent or temporary manner that will serve
to identify the part with the parts Manufacturer’s written
listing of the particular items and such listings are avail-
able for examination by the Inspector.

(2) Flanges and flanged fittings may be used at the
pressure-temperature ratings specified in Table TG-130.
Other pressure-temperature ratings may be used if the
flange satisfies the requirements of TM-110.10(a)(1) and,
using the specified gaskets and bolting, satisfies the
design requirements of TD-500.

(3) Parts of small size falling within this category
for which it is difficult or impossible to obtain identified
material or which may be stocked and for which identifi-
cation in accordance with TM-140.2 cannot be economi-
cally obtained and are not customarily furnished, and
which do not appreciably affect the safety of the vessel,
may be used for relatively unimportant parts or parts
stressed to not more than 50% of the stress value permit-
ted by this Section, provided they are suitable for the
purpose intended and are acceptable to the Inspector.
The Manufacturer of the vessel to be marked with the
Code symbol shall verify that the part is suitable for the
design conditions specified for the vessel in accordance
with the rules of this Section.

(b) Cast, Forged, Rolled, or Die-Formed Nonstandard
Pressure Parts. Pressure parts such as shells, heads,
removable doors, and pipes coils that are wholly formed
by casting, forging, rolling, or die forming may be sup-
plied basically as materials. All such parts shall be made
of materials permitted under this Section and the Manu-
facturer of the part shall furnish identification in accor-
dance with TM-140.2. Such parts shall be marked with
the name or trademark of the parts Manufacturer and
with such other markings as will serve to identify the
particular parts with accompanying material identifica-
tion. The Manufacturer of the tank to be marked with
the Code symbol shall satisfy himself that the part is

2 These are pressure parts that comply with some ASME/ANSI
product standard accepted by reference in TD-100.5. The ASME/
ANSI product standard establishes the basis for pressure-tempera-
ture rating and marking, unless modified in TD-100.5.
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suitable for the design conditions specified for the com-
pleted tank in accordance with the rules of this Section.

(c) Welded Standard Pressure Parts for Use Other Than
the Shell or Heads of a Vessel. Pressure parts, such as
welded standard pipe fittings, welding caps, and flanges
that are fabricated by one of the welding processes recog-
nized by this Section shall not require inspection, identi-
fication in accordance with TM-140.1(a) or (b), or Partial
Data Reports, provided that:

(1) standard pressure parts that comply with some
ASME/ANSI product standard2 shall be made of materi-
als permitted by this Section or of materials specifically
listed in an ASME/ANSI product standard listed else-
where in this Section. Standard pressure parts, which
comply with a Manufacturer’s standard, shall be made
of materials permitted by this Section.

(2) welding for pressure parts that comply with a
Manufacturer ’s standard3,4 shall comply with the
requirements of Article TF-2. Welding for pressure parts,
which comply with some ASME/ANSI product stan-
dard shall comply with the requirements of Article TF-2,
or with the welding requirements of SA-234, 5.2 and 5.3.
Markings, where applicable, or Certification by the parts
Manufacturer where markings are not applicable, shall
be accepted as evidence of compliance with the above
welding requirements. Such parts shall be marked as
required by TM-110.10(a)(1).

Such parts shall be marked with the name or trade-
mark of the parts Manufacturer and with such other
markings as will serve to identify the materials of which
the parts are made. Such markings shall be considered
as the parts Manufacturer’s certification that the product
complies with TM-110.10(c)(1). A statement by the parts
Manufacturer that all welding complies with Code
requirements shall be accepted as evidence that the
product complies with TM-110.10(c)(2).

(3) if radiography or postweld heat treatment is
required by the rules of this Section, it may be performed
either in the plant of the parts Manufacturer or in the
plant of the manufacturer of the tank to be marked with
the Code symbol.

If the radiographing is done under the control of the
parts Manufacturer, the completed radiographs, prop-
erly identified, with a radiographic inspection report
shall be forwarded to the tank Manufacturer and shall
be available to the Inspector.

3 These are pressure parts that comply with a parts Manufactur-
er ’s standard, which defines the pressure-temperature rating
marked on the the part and described in the parts Manufacturer’s
literature. The Manufacturer of the completed vessel shall satisfy
himself that the part is suitable for the design conditions of the
completed vessel in accordance with the rules of this Section.

4 Pressure parts may be in accordance with ASME/ANSI product
standard not covered by footnote 1, but such parts shall satisfy
the requirements applicable to a parts Manufacturer’s standard
and footnote 2.
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(4) if heat treatment is performed at the plant of
the parts Manufacturer, certification by the parts
Manufacturer that such treatment was performed shall
be accepted as evidence of compliance with applicable
Code paragraphs. This certification shall be available to
the Inspector.

(d) Parts furnished under the provisions of
TM-110.10(a), (b), and (c) need not be manufactured by
a Certificate of Authorization Holder.

TM-120 MATERIAL IDENTIFIED WITH OR
PRODUCED TO A SPECIFICATION NOT
PERMITTED BY THIS SECTION, AND
MATERIAL NOT FULLY IDENTIFIED

(a) Identified Material With Complete Certification From
the Material Manufacturer. Material identified with a spec-
ification not permitted by this Section, or procured to
chemical composition requirements, and identified to a
single production lot as required by a permitted specifi-
cation may be accepted as satisfying the requirements
of a specification permitted by this Section, provided
the conditions set forth in TM-120(a)(1) or (a)(2) are
satisfied.

(1) Recertification by an Organization Other Than the
Vessel or Part Manufacturer

(a) All requirements, including but not limited
to, melting method, melting practice, deoxidization,
quality, and heat treatment of the specification permitted
by this Section, to which the material is to be recertified,
have been demonstrated to have been met.

(b) A copy of the certification by the material
Manufacturer of the chemical analysis required by the
permitted specification, with documentation showing
the requirements to which the material was produced
and purchased, and which demonstrates that there is
no conflict with the requirements of the permitted speci-
fication, has been furnished to the vessel or part
Manufacturer.

(c) A certification that the material was manufac-
tured and tested in accordance with the requirements
of the specification to which the material is recertified,
excluding the specific marking requirements, has been
furnished to the vessel or part Manufacturer, together
with copies of all documents and test reports pertinent
to the demonstration of conformance to the require-
ments of the permitted specification.

(d) The material and the Certificate of Compli-
ance or the Material Test Report has been identified with
the designation of the specification to which the material
is recertified and with the notation “Certified per
TM-120.”

(2) Recertification by the Vessel or Part Manufacturer
(a) A copy of the certification by the material

Manufacturer of the chemical analysis required by the
permitted specification, with documentation showing

13

that the requirements to which the material was pro-
duced and purchased is in compliance with the require-
ments of the permitted specification, is available to the
Inspector.

(b) For applications in which the maximum
allowable stresses are subject to a cautionary note, docu-
mentation is available to the Inspector that establishes
what deoxidization was performed during the material
manufacture, to the degree necessary for the vessel or
part Manufacturer to make a decision with regard to
the cautionary note.

(c) Documentation is available to the Inspector,
which demonstrates that the metallurgical structure,
mechanical property, and hardness requirements of the
permitted specification have been met.

(d) For material recertified to a permitted specifi-
cation that requires a fine austenitic grain size or that
requires a fine-grain practice be used during melting,
documentation is available to the Inspector, which dem-
onstrates that the heat treatment requirements of the
permitted specification have been met or will be met
during fabrication.

(e) The material has marking, acceptable to the
Inspector, for identification to the documentation.

(f) When the conformance of the material with
the permitted specification has been established, the
material has been marked as required by the permitted
specification.

(b) Material Identified to a Particular Production Lot as
Required by a Specification Permitted by This Section but
Which Cannot Be Qualified Under TM-120(a). Any material
identified to a particular production lot as required by
a specification permitted by this Section, but for which
the documentation required in TM-120(a) is not avail-
able, may be accepted as satisfying the requirements of
the specification permitted by this Section, provided that
the conditions set forth below are satisfied.

(1) Recertification by an Organization Other Than the
Vessel or Part Manufacturer. Not permitted.

(2) Recertification by the Vessel or Part Manufacturer

(a) Chemical analyses are made on different
pieces from the lot to establish a mean analysis, which
is to be accepted as representative of the lot. The pieces
chosen for analysis shall be selected at random from the
lot. The number of pieces selected shall be at least 10%
of the number of pieces in the lot, but not less than
three. For lots of three pieces or less, each piece shall be
analyzed. Each individual analysis for an element shall
conform to the limits for product analysis in the permit-
ted specification, and the mean for each element shall
conform to the heat analysis limits of that specification.
Analyses need only be made for those elements required
by the permitted specification. However, consideration
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should be given to making analyses for elements not
specified in the specification but that would be deleteri-
ous if present in excessive amounts.

(b) Mechanical property tests are made in accor-
dance with the requirements of the permitted specifica-
tion, and the results of the tests conform to the specified
requirements.

(c) For applications in which the maximum
allowable stresses are subject to a cautionary note, chem-
ical analysis results are obtained, which are sufficient
to establish what deoxidization was used during the
material manufacture, to the degree necessary for mak-
ing a decision with regard to the cautionary note.

(d) When the requirements of the permitted spec-
ification include metallurgical structure requirements
(i.e., fine austenitic grain size), tests are made and the
results are sufficient to establish that those requirements
of the specification have been met.

(e) When the requirements of the permitted spec-
ification include heat treatment, the material is heat
treated in accordance with those requirements, either
prior to or during fabrication.

(f) When the conformance of the material with
the permitted specification has been established, the
material has been marked as required by the permitted
specification.

(c) Material Not Fully Identified. Material that cannot
be qualified under the provisions of either TM-120(a) or
(b), such as material not fully identified as required
by the permitted specification or unidentified material,
may be accepted as satisfying the requirements of a
specification permitted by this Section, provided that
the conditions set forth below are satisfied.

(1) Qualification by an Organization Other Than the
Vessel or Part Manufacturer. Not permitted.

(2) Qualification by the Vessel or Part Manufacturer
(a) Each piece is tested to show that it meets

the chemical composition for product analysis and the
mechanical property requirements of the permitted
specification. Chemical analyses need only be made for
those elements required by the permitted specification.
However, consideration should be given to making anal-
yses for elements not specified in the specification but
which would be deleterious if present in excessive
amounts. For plates, when the direction of final rolling
is not known, both a transverse and a longitudinal ten-
sion test specimen shall be taken from each sampling
location designated in the permitted specification. The
results of both tests shall conform to the minimum
requirements of the specification, but the tensile strength
of only one of the two specimens need conform to the
maximum requirement.

(b) The provisions of TM-120(b)(2)(c), (b)(2)(d),
and (b)(2)(e) are met.

(c) When the identity of the material with the
permitted specification has been established in accor-
dance with TM-120(c)(2)(a) and (c)(2)(b), each piece (or
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bundle, etc., if permitted in the specification) is marked
with a marking giving the permitted specification num-
ber and grade, type, or class as applicable and a serial
number identifying the particular lot of material. A suit-
able report, clearly marked as being a “Report on Tests
of Nonidentified Material,” shall be completed and certi-
fied by the tank or part Manufacturer. This report, when
accepted by the Inspector, shall constitute authority to
use the material in lieu of material procured to the
requirements of the permitted specification.

TM-130 MATERIAL SPECIFICATIONS

TM-130.1 Product Specification

When there is no material specification listed in
Tables TM-130.2-1 through TM-130.2-7 covering a partic-
ular wrought product of a grade, but there is an
approved specification listed in Tables TM-130.2-1
through TM-130.2-7 covering some other wrought prod-
uct of that grade, the product for which there is no
specification may be used, provided:

(a) the chemical and mechanical properties, heat
treating requirements, and requirements for deoxida-
tion, or grain size requirements conform to the approved
specification listed in Tables TM-130.2-1 through
TM-130.2-7. The stress values for that specification given
in the tables referenced in TM-130.2 shall be used.

(b) the manufacturing procedures, tolerances, tests,
and marking are in accordance with a specification listed
in Tables TM-130.2-1 through TM-130.2-7 covering the
same product form of a similar material.

(c) for the case of welded tubing made of plate, sheet,
or strip, without the addition of filler metal, the appro-
priate stress values are multiplied by a factor of 0.85.

(d) the product is not pipe or tubing fabricated by
fusion welding with the addition of filler metal unless
it is fabricated in accordance with the rules of this Section
as a pressure part.

(e) mill test reports reference the specifications used
in producing the material and make reference to this
paragraph.

TM-130.2 Approved Material Specifications

(a) Approved material specifications are listed in the
following Tables:

Table TM-130.2-1 Carbon and Low Alloy Steel
Table TM-130.2-2 High Alloy Steel
Table TM-130.2-3 Aluminum and Aluminum Alloy

Products
Table TM-130.2-4 Copper and Copper Alloys
Table TM-130.2-5 Nickel and High Nickel Alloys
Table TM-130.2-6 Ferritic Steels With Tensile Proper-

ties Enhanced by Heat Treatment
Table TM-130.2-7 Titanium and Titanium Alloys
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Table TM-130.2-1 Carbon and Low Alloy Steels

Specification Number Type/Grade ASME P-No. Group No.

Plates, Sheet, and Strip
SA-36 . . . 1 1
SA-203 A, B 9A 1

D, E, F 9B 1
SA-204 A 3 1

B, C 3 2
SA-225 C 10A 1
SA-283 A, B, C, D 1 1
SA-285 A, B, C 1 1
SA-299 A 1 2

B 1 3
SA-302 A 3 2

B, C, D 3 3

SA-387 2, Cl. 1 3 1
2, Cl. 2 3 2

SA-414 A, B, C, D, E 1 1
F, G 1 2

SA-455 . . . 1 2
SA-515 60, 65 1 1

70 1 2
SA-516 55, 60, 65 1 1

70 1 2
SA-537 Cl. 1 1 2

Cl. 2 and 3 1 3

SA-612 . . . 10C 1
SA-662 A, B 1 1

C 1 2
SA-737 B 1 2

C 1 3
SA-738 A 1 2

B, C 1 3

SA-1008 CS-A and CS-B 1 1
SA/CSA-G40.21 38W 1 1
SA/EN 10028-2 P295GH 1 1
SA/EN 10028-3 P275NH 1 1

Forgings
SA-266 1 1 1

2, 4 1 2
SA-336 F1 3 2
SA-372 A 1 1

B 1 2
C, D . . . . . .
E Cl. 65 and 70 . . . . . .
F Cl. 70, G Cl. 70 . . . . . .
H Cl. 70, J Cl. 65 . . . . . .
J Cl. 70 and 110, L . . . . . .
M Cl. A and B . . . . . .
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Table TM-130.2-1 Carbon and Low Alloy Steels (Cont’d)

Specification Number Type/Grade ASME P-No. Group No.

Forgings (Cont’d)
SA-508 1, 1A 1 2

2 Cl. 1, 3 Cl. 1, 4N Cl. 3 3 3
SA-541 1, 1A 1 2

2 Cl. 1, 3 Cl. 1 3 3
SA-765 I 1 1

II 1 2
III 9B 1

SA-836 . . . 1 1

Flanges, Fittings, and Valves
SA-105 . . . 1 2
SA-181 Cl. 60 1 1

Cl. 70 1 2
SA-182 F1, F2 3 2

FR 9A 1
SA-234 WPB 1 1

WPC 1 2
WP1 3 1

SA-350 LF1 1 1
LF2 1 2
LF5 Cl. 1 and 2, LF9 9A 1
LF3 9B 1

SA-420 WPL6 1 1
WPL9 9A 1
WPL3 9B 1

SA-727 . . . 1 1

Pipe
SA-53 S Gr. A and B, E Gr. A and B 1 1
SA-106 A, B 1 1

C 1 2
SA-135 A, B 1 1
SA-333 1, 6 1 1

7, 9 9A 1
3 9B 1

SA-335 P1, P2, P15 3 1
SA-369 FP1, FP2 3 1
SA-524 I, II 1 1
SA-587 . . . 1 1

Tubes
SA-178 A, C 1 1
SA-179 . . . 1 1
SA-192 . . . 1 1
SA-209 T1, T1a, T1b 3 1
SA-210 A-1 1 1

C 1 2
SA-213 T2 3 1

T17 10B 1
SA-214 . . . 1 1
SA-250 T1, T1a, T1b 3 1
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Table TM-130.2-1 Carbon and Low Alloy Steels (Cont’d)

Specification Number Type/Grade ASME P-No. Group No.

Tubes (Cont’d)
SA-334 1, 6 1 1

7, 9 9A 1
3 9B 1

SA-556 A2, B2 1 1
C2 1 2

SA-557 A2, B2 1 1
C2 1 2

Castings
SA-216 WCA 1 1

WCB, WCC 1 2
SA-217 WC1 3 1
SA-352 LCB 1 1

LC1 3 1
LC2 9A 1
LC3 9B 1

SA-487 1 Cl. A and B 10A 1
2 Cl. A and B, 4 Cl. A 3 3

Bar
SA-675 45, 50, 55, 60, 65 1 1

70 1 2
SA-695 B Gr. 35 1 1

B Gr. 40 1 2

Bolting
SA-193 B5, B7, B7M, B16 . . . . . .
SA-307 B . . . . . .
SA-320 L7, L7A, L7M, L43 . . . . . .
SA-325 1 . . . . . .
SA-354 BC, BD . . . . . .
SA-437 B4B, B4C . . . . . .
SA-449 . . . . . . . . .

SA-540 B21 Cl. 1, 2, 3 and 4 . . . . . .
B22 Cl. 3 . . . . . .
B23 Cl. 1, 2, 3, 4, and 5 . . . . . .
B24 Cl. 1, 2, 3, 4, and 5 . . . . . .
B24V . . . . . .

SA-574 (screws) . . . . . . . . .

Nuts
SA-194 2, 2H, 2HM, 3, 4, 7, 7M, 16 . . . . . .
SA-540 B23, B24 . . . . . .
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Table TM-130.2-2 High Alloy Steels

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Plates, Sheet, and Strip
SA-240 S41000 410 6 1

S42900 429 6 2
S40500 405 7 1
S40900 409 7 1
S41008 410S 7 1
S43000 430 7 2
S44400 . . . 7 2

S30200 302 8 1
S30400 304 8 1
S30403 304L 8 1
S30451 304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 316 8 1
S31603 316L 8 1
S31635 316Ti 8 1
S31640 316Cb 8 1
S31651 316N 8 1
S31653 316LN [Note (2)] 8 1
S31700 317 8 1
S31703 317L 8 1
S32100 321 8 1
S34700 347 8 1
S34800 348 8 1
S38100 XM-15 8 1

S30815 . . . 8 2
S30908 309S 8 2
S30940 309Cb 8 2
S31008 310S 8 2
S31040 310Cb 8 2
S31050 310MoLN 8 2

S20100 201-1, 201-2 8 3
S20153 201LN 8 3
S20400 204 8 3
S20910 XM-19 8 3
S24000 XM-29 8 3
S31254 . . . 8 4
S31725 . . . 8 4
S31200 . . . 10H 1
S31260 . . . 10H 1
S31803 . . . 10H 1

S32304 . . . . . . . . .
S32550 . . . 10H 1
S32900 329 10H 1
S32950 . . . 10H 1
S44626 XM-33 10I 1
S44627 XM-27 10I 1
S44635 25-4-4 10I 1
S44700 29-4 10J 1
S44660 26-3-3 10K 1
S44800 29-4-2 10K 1

18



2010 SECTION XII

Table TM-130.2-2 High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Plates, Sheet, and Strip (Cont’d)
SA-666 S20100 201-1, 201-2 8 3

S21904 XM-11 8 3

Forgings
SA-965 S30400 F304 8 1

S30403 F304L 8 1
S30451 F304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 F316 8 1
S31603 F316L 8 1
S31651 F316N 8 1
S31653 316LN [Note (2)] 8 1
S32100 F321 8 1
S34700 F347 8 1
S34800 F348 8 1
S31000 F310 8 2
S21904 FXM-11 8 3

Flanges, Fittings, and Valves
SA-182 S41000 F6a Cl. 1 6 1

S41000 F6a Cl. 2 6 3
S30400 F304 8 1
S30403 F304L 8 1
S30453 304LN9 8 1
S31600 F316 8 1
S31603 F316L 8 1
S31653 316LN10 8 1
S31700 F317 8 1
S31703 F317L 8 1
S32100 F321 8 1
S34700 F347 8 1
S34800 F348 8 1

S30815 F45 8 2
S31000 F310 8 2
S20910 FXM-19 8 3
S21904 FXM-11 8 3
S31254 F44 8 4
S31803 F51 10H 1
S44627 FXM-27Cb 10I 1

SA-403 S30400 WP304 8 1
S30403 WP304L 8 1
S30451 WP304N 8 1
S31600 WP316 8 1
S31603 WP316L 8 1
S31651 WP316N 8 1
S31700 WP317 8 1
S31703 WP317L 8 1
S32100 WP321 8 1
S34700 WP347 8 1
S34800 WP348 8 1
S30900 WP309 8 2
S31000 WP310 8 2
S20910 WPXM-19 8 3

SA-815 S31803 . . . 10H 1
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Table TM-130.2-2 High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Pipe
SA-312 S30400 TP304 8 1

S30403 TP304L 8 1
S30451 TP304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 TP316 8 1
S31603 TP316L 8 1
S31651 TP316N 8 1
S31653 316LN [Note (2)] 8 1
S31700 TP317 8 1
S31703 TP317L 8 1
S32100 TP321 8 1
S34700 TP347 8 1
S34800 TP348 8 1
S38100 TPXM-15 8 1

S30815 . . . 8 2
S30908 TP309S 8 2
S30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2
S31050 TP310MoLN 8 2
S20910 TPXM-19 8 3
S21904 TPXM-11 8 3
S24000 TPXM-29 8 3

SA-358 S31254 . . . 8 4
S31725 . . . 8 4

SA-376 S30400 TP304 8 1
S30451 TP304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 TP316 8 1
S31651 TP316N 8 1
S31653 316LN [Note (2)] 8 1
S32100 TP321 8 1
S34700 TP347 8 1
S34800 TP348 8 1
S31725 . . . 8 4

SA-409 S31725 . . . 8 4

SA-731 S44626 TPXM-33 10I 1
S44627 TPXM-27 10I 1

SA-790 S31260 . . . 10H 1
S31500 . . . 10H 1
S31803 . . . 10H 1
S32304 . . . 10H 1
S32550 . . . 10H 1
S32750 . . . 10H 1
S32900 . . . 10H 1
S32950 . . . 10H 1
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Table TM-130.2-2 High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Pipe (Cont’d)
SA-813 S30908 TP309S 8 2

S30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2

SA-814 S30908 TP309S 8 2
S30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2

Tubes
SA-213 S30400 TP304 8 1

S30403 TP304L 8 1
S30451 TP304N 8 1
S30453 304LN [Note (1)] 8 1
S31600 TP316 8 1
S31603 TP316L 8 1
S31651 TP316N 8 1
S31653 316LN [Note (2)] 8 1
S32100 TP321 8 1
S34700 TP347 8 1
S34800 TP348 8 1
S38100 TPXM-15 8 1

S30815 . . . 8 2
S30908 TP309S 8 2
S30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2
S31050 TP310MoLN 8 2
S31725 . . . 8 4

SA-249 S30400 TP304 8 1
S30403 TP304L 8 1
S30451 TP304N 8 1
S31600 TP316 8 1
S31603 TP316L 8 1
S31651 TP316N 8 1
S31700 TP317 8 1
S31703 TP317L 8 1
S32100 TP321 8 1
S34700 TP347 8 1
S34800 TP348 8 1
S38100 TPXM-15 8 1

S30815 . . . 8 2
S30908 TP309S 8 2
S30940 TP309Cb 8 2
S31008 TP310S 8 2
S31040 TP310Cb 8 2
S31050 TP310MoLN 8 2
S20910 TPXM-19 8 3
S24000 TPXM-29 8 3
S31254 . . . 8 4
S31725 . . . 8 4
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Table TM-130.2-2 High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Tubes (Cont’d)
SA-268 S41000 TP410 6 1

S42900 TP429 6 2
S40500 TP405 7 1
S40800 . . . 7 1
S40900 TP409 7 1
S43000 TP430 7 2
S43035 TP439 7 2
S44400 . . . 7 2

S44600 TP446-1, TP446-2 10I 1
S44626 TPXM-33 10I 1
S44627 TPXM-27 10I 1
S44635 . . . 10I 1
S44700 29-4 10J 1
S44735 29-4C 10J 1
S44660 26-3-3 10K 1
S44800 29-4-2 10K 1

SA-688 S30400 TP304 8 1
S30403 TP304L 8 1
S30451 TP304N 8 1
S31600 TP316 8 1
S31603 TP316L 8 1
S24000 TPXM-29 8 3

SA-789 S31260 . . . 10H 1
S31500 . . . 10H 1
S31803 . . . 10H 1
S32304 . . . 10H 1
S32550 . . . 10H 1
S32750 . . . 10H 1
S32900 . . . 10H 1
S32950 . . . 10H 1

SA-803 S43035 TP439 7 2
S44660 26-3-3 10K 1

Castings
SA-217 J91150 CA15 6 3

SA-351 J92500 CF3, CF3A 8 1
J92590 CF10 8 1
J92600 CF8, CF8A 8 1
J92710 CF8C 8 1
J92800 CF3M 8 1
J92900 CF8M 8 1
J93000 CG8M 8 1

J93400 CH8 8 2
J93402 CH20 8 2
J94202 CK20 8 2
J93790 CG6MMN 8 3
J93254 CK3MCuN 8 4
J93345 CE8MN 10H 1
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Table TM-130.2-2 High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Bar and Shapes
SA-479 S41000 410 6 1

S40500 405 7 1
S43000 430 7 2
S43035 439 7 2
S30200 302 8 1
S30400 304 8 1
S30403 304L 8 1
S30453 304LN [Note (1)] 8 1
S31600 316 8 1
S31603 316L 8 1

S31653 316LN [Note (2)] 8 1
S32100 321 8 1
S34700 347 8 1
S34800 348 8 1
S30815 . . . 8 2
S30908 309S 8 2
S30940 309Cb 8 2
S31008 310S 8 2
S31040 310Cb 8 2

S20910 XM-19 8 3
S24000 XM-29 8 3
S31725 . . . 8 4
S32550 . . . 10H 1
S44627 XM-27 10I 1
S44700 29-4 10J 1
S44800 29-4-2 10K 1

Bolting
SA-193 S21800 B8S, B8SA . . . . . .

S30400 B8 Cl. 1 and 2 . . . . . .
S30451 B8NA Cl. 1A . . . . . .
S30500 B8P Cl. 1 and 2 . . . . . .
S31600 B8M Cl. 1 and 2, B8M2 . . . . . .

Cl. 2
S31651 B8MNA Cl. 1A . . . . . .
S32100 B8T Cl. 1 and 2 . . . . . .
S34700 B8C Cl. 1 and 2 . . . . . .
S41000 B6 . . . . . .

SA-320 S30323 B8F Cl. 1, B8FA Cl. 1A . . . . . .
S30400 B8 Cl. 1 and Cl. 2, B8A . . . . . .

Cl. 1A
S31600 B8M Cl. 1 and 2, B8MA . . . . . .

Cl. 1A
S32100 B8T Cl. 1 and 2, B8TA . . . . . .

Cl. 1A
S34700 B8C Cl. 1 and 2, B8CA . . . . . .

Cl. 1A
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Table TM-130.2-2 High Alloy Steels (Cont’d)

Specification Number UNS No. Type/Grade ASME P-No. Group No.

Bolting (Cont’d)
SA-453 S63198 651 Cl. A and B . . . . . .

S66286 660 Cl. A and B . . . . . .

SA-479 . . . XM-19 . . . . . .

SA-564 . . . 630 H1075, H1100, and . . . . . .
H1150 (not welded)

SA-705 . . . 630 H1075, H1100, and . . . . . .
H1150 (not welded)

NOTES:
(1) The maximum allowable design stress values given in Table 1A of Section II, Part D, for solution

annealed Type 304 stainless steel (Alloy UNS S30400) are applicable for solution annealed Type
304LN stainless steel (Alloy UNS S30453) for maximum design metal temperature not exceeding 38°C
(100°F).

(2) The maximum allowable design stress values given in Table 1A of Section II, Part D, for solution
annealed Type 316 stainless steel (Alloy UNS S31600) are applicable for solution annealed Type
316LN stainless steel (Alloy UNS S31653) for maximum design metal temperature not exceeding 38°C
(100°F).
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Table TM-130.2-3 Aluminum and Aluminum Alloy Products

ASME
Specification Number Alloy Designation/UNS No. P-No.

Plates, Sheet, and Strip
SB-209 Alclad 3003, A91060, A91100, A93003 21

Alclad 3004, A93004, A95052, A95154, A95254, A95454 22
Alclad 6061, A96061 23
A95083, A95086, A95456, A95652 25

SB-928 A95083, A95086, A95456 . . .

Forgings
SB-247 A93003 21

A96061 23
A95083 25
A92014 . . .

Pipe and Tubes
SB-210 Alclad 3003, A91060, A93003 21

A95052, A95154 22
A96061, A96063 23

SB-234 Alclad 3003, A91060, A93003 21
A95052, A95454 22
A96061 23

SB-241 Alclad 3003, A91060, A91100, A93003 21
A95052, A95454 22
A96061, A96063 23
A95083, A95086, A95456 25

Castings
SB-26 A02040, A03560, A24430 . . .
SB-108 A02040, A03560 . . .

Rod, Bar, Wire, Shapes
SB-211 A92014, A92024, A96061 23
SB-221 A91060, A91100, A93003 21

A95154, A95454 22
A96061, A96063 23
A95083, A95086, A95456 25
A92024 . . .

SB-308 (shapes) A96061 23

Bolting
SB-211 A92014, A92024, A96061 . . .
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Table TM-130.2-4 Copper and Copper Alloys

Specification Number Alloy Designation/UNS No. ASME P-No.

Plates, Sheet, Strip, and Rolled Bars
SB-96 C65500 33
SB-152 C10200, C10400, C10500, C10700, C11000, C12200, 31

C12300
SB-169 C61400 35
SB-171 C36500, C44300, C44400, C44500, C46400, C46500 32

C70600, C71500 34
C61400, C63000 35

Forgings
SB-283 C37700 . . .

C64200 . . .

Pipe
SB-42 C10200, C12000, C12200 31
SB-43 C23000 32
SB-315 C65500 33
SB-467 C70600 34

Tubes
SB-75 C10200, C12000, C12200 31
SB-111 C10200, C12000, C12200, C14200, C19200 31

C23000, C28000, C44300, C44400, C44500, C68700 32
C70400, C70600, C71000, C71500, C72200 34
C60800 35

SB-135 C23000 32
SB-315 C65500 33
SB-359 C70600 34
SB-395 C10200, C12000, C12200, C14200, C19200 31

C23000, C44300, C44400, C44500, C68700 32
C70600, C71000, C71500 34
C60800 35

SB-466 C70600, C71000, C71500 34
SB-543 C12200, C19400 31

C23000, C44300, C44400, C44500, C68700 32
C70400, C70600, C71500 34

Castings
SB-61 C92200 . . .
SB-62 C83600 . . .
SB-148 C95200, C95400 35
SB-271 C95200 35
SB-584 C92200, C93700, C97600 . . .

Rod, Bar, and Shapes
SB-98 C65100, C65500, C66100 33
SB-150 C61400, C62300, C63000, C64200 35
SB-187 C10200, C11000 31

Bolting
SB-98 C65100, C65500, C66100 33
SB-150 C61400, C62300, C63000, C64200 35
SB-187 C10200, C11000 31

26



2010 SECTION XII

Table TM-130.2-5 Nickel and Nickel Alloys

Specification Number UNS No. ASME P-No.

Plates, Sheet, and Strip
SB-127 N04400 42
SB-162 N02200, N02201 41
SB-168 N06600, N06690 43
SB-333 N10001, N10665, N10675 44
SB-424 N08825 45
SB-434 N10003 44
SB-435 N06002, N06230 43

R30556 45

SB-443 N06625 43
SB-463 N08020, N08024, N08026 45
SB-536 N08330 46
SB-575 N06022, N06059, N06455, N10276 44
SB-582 N06007, N06030, N06975, N06985 45
SB-599 N08700 45
SB-620 N08320 45
SB-625 N08904, N08925 45
SB-688 N08366, N08367 45
SB-709 N08028 45

Forgings
SB-564 N04400 42

N06022, N06059, N06230, N06600, N06625, N10276 43
N10675 44
N08367 45

SB-637 N07718, N07750 . . .

Flanges, Fittings, and Valves
SB-366 N02200, N02201 41

N04400 42
N06002, N06022, N06230, N06059, N06455, N06600, 43

N06625, N10276
N10001, N10003, N10665, N10675 44
N06007, N06030, N06985, N08020, N08825 45
N08330 46

SB-462 N08020, N08367 45

Pipe and Tube
SB-161 N02200, N02201 41
SB-163 N02200, N02201 41

N04400 42
N06600 43
N08825 45

SB-165 N04400 42
SB-167 N06600, N06690 43
SB-423 N08825 45
SB-444 N06625 43
SB-464 N08020, N08024, N08026 45

SB-468 N08020, N08024, N08026 45
SB-516 N06600 43
SB-517 N06600 43
SB-535 N08330 46
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Table TM-130.2-5 Nickel and Nickel Alloys (Cont’d)

Specification Number UNS No. ASME P-No.

Pipe and Tube (Cont’d)
SB-619 N06002, N06022, N06059, N06230, N06455, N10276 43

N10001, N10665, N10675 44
N06007, N06030, N06975, N06985, N08320, R30556 45

SB-622 N06002, N06022, N06059, N06455, N10276 43
N10001, N10665, N10675 44
N06007, N06030, N06975, N06985, N08320, R30556 45

SB-626 N06002, N06022, N06059, N06455, N10276 43
N10001, N10665, N10675 44
N06007, N06030, N06975, N06985, N08320, R30556 45

SB-668 N08028 45
SB-673 N08904, N08925 45
SB-674 N08904, N08925 45
SB-675 N08366, N08367 45

SB-676 N08366, N08367 45
SB-677 N08904, N08925 45
SB-690 N08366, N08367 45
SB-704 N06625 43

N08825 45
SB-705 N06625 43

N08825 45
SB-710 N08330 46
SB-729 N08020 45
SB-804 N08367 . . .

Castings
SA-351 J94651 (Grade CN3MN), N08151 (Grade CT15C) 45
SA-494 N26022 (Grade CX2MW), N30002 (Grade CW-12MW/C), 44

N30012 (Grade N-12MV/B)

Rod, Bar, Wire, and Shapes
SB-160 N02200, N02201 41
SB-164 N04400, N04405 42
SB-166 N06600, N06690 43
SB-335 N10001, N10665, N10675 44
SB-425 N08825 45
SB-446 N06625 43
SB-473 N08020 45
SB-511 N08330 46
SB-572 N06002, N06230 43

R30556 45

SB-573 N10003 44
SB-574 N06022, N06059, N06455, N10276 44
SB-581 N06007, N06030, N06975, N06985 45
SB-621 N08320 45
SB-649 N08904, N08925 45
SB-672 N08700 45
SB-691 N08366, N08367 45
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Table TM-130.2-5 Nickel and Nickel Alloys (Cont’d)

Specification Number UNS No. ASME P-No.

Bolting [Note (1)]
SB-160 N02200, N02201 . . .
SB-164 N04400, N04405 . . .
SB-166 N06600 . . .
SB-335 N10001, N10665 . . .
SB-425 N08825 . . .
SB-446 N06625 . . .
SB-572 N06002, R30556 . . .
SB-573 N10003 . . .
SB-574 N06022, N06455, N10276 . . .
SB-581 N06007, N06030, N06975 . . .
SB-621 N08320 . . .
SB-637 N07718, N07750 . . .

NOTE:
(1) Minimum design metal temperature for all bolting material listed in this table is −196°C (−320°F).

Table TM-130.2-6 Ferritic Steels With Tensile Properties
Enhanced by Heat Treatment

Specification Number Type/Grade ASME P-No. Group No.

Plates and Sheet

SA-353 . . . 11A 1
SA-517 A 11B 1

E 11B 2
F 11B 3
B 11B 4
J 11B 6
P 11B 8

SA-533 B Cl. 3, D Cl. 3 11A 4
SA-553 I, II 11A 1
SA-645 A 11A 2
SA-724 A, B, C 1 4

Flanges, Fittings, and Valves
SA-420 WPL8 11A 1
SA-522 I 11A 1
SA-592 A 11B 1

E 11B 2
F 11B 3

Pipe
SA-333 8 11A 1

Tubes
SA-334 8 11A 1

Castings
SA-487 4 Cl. B and E 11A 3

CA6NM Cl. A 6 4
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Table TM-130.2-7 Titanium and Titanium Alloys

Specification Number UNS No. Grade ASME P-No.

Plates, Sheet, and Strip
SB-265 R50400 2 51

R52400 7 51
R52402 16 51
R50550 3 52
R53400 12 52
R56320 9 53

Forgings
SB-381 R50400 F-2 51

R52400 F-7 51
R52402 F-16 51
R50550 F-3 52
R53400 F-12 52
R56320 F-9 53

Fittings
SB-363 R50400 WPT2 51

R52400 WPT7 51
R52402 WPT16 51
R50550 WPT3 52
R53400 WPT12 52
R56320 WPT9 53

Pipe
SB-861 (seamless) R50400 2 51

R52400 7 51
R52402 16 51
R50550 3 52
R53400 12 52
R56320 9 53

SB-862 (welded) R50400 2 51
R52400 7 51
R52402 16 51
R50550 3 52
R53400 12 52
R56320 9 53

Tubing
SB-338 R50400 2 51

R52400 7 51
R52402 16 51
R50550 3 52
R53400 12 52
R56320 9 53

Bars and Billet
SB-348 R50400 2 51

R52400 7 51
R52402 16 51
R50550 3 52
R53400 12 52
R56320 9 53

Castings
SB-367 R50400 C-2 51

R52400 C-3 52
R52402 Ti-Pd7B 51
R52404 Ti-Pd16 51
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(b) The maximum allowable tensile stress values for
the materials listed in Tables TM-130.2-1 through
TM-130.2-7 are the values given in Section II, Part D,
for Section VIII, Division 1 construction, except where
otherwise specified or limited by Table TM-130.2-1,
Note (1); Table TM-130.2-2, Notes (1) and (2);
Table TM-130.2-5, Note (1); and Table TM-130.2-7.

TM-140 INSPECTION AND MARKING OF
MATERIALS

TM-140.1 Inspection of Materials

(a) Except as provided in TM-110(a) through (e),
TM-110.10, TM-120, and TM-130.1, requirements for
acceptance of materials furnished by the material
Manufacturer or material supplier shall be in complete
compliance with a material specification of Section II
and the following requirements:

(1) For plates, the tank Manufacturer shall obtain
the material test report or certificate of compliance as
provided for in the material specification and the Inspec-
tor shall examine the Material Test Report or Certificate
of Compliance and shall determine if it represents the
material and meets the requirements of the material
specification.

(2) For all other product forms, the material shall
be accepted as complying with the material specification
if the material specification provides for the marking of
each piece with the specification designation, including
the grade, type, and class if applicable, and each piece
is so marked.

(3) If the material specification does not include for
the marking of each piece as indicated in TM-140.1(a)(2),
the material shall be accepted as complying with the
material specification, provided the following require-
ments are met:

(a) Each bundle lift, or shipping container is
marked with the specification designation, including
the grade, type, and class if applicable by the material
Manufacturer or supplier.

(b) The handling and storage of the material by
the vessel Manufacturer shall be documented in his
Quality Control System such that the Inspector can
determine that it is the material identified in
TM-140.1(a)(3)(a). Traceability to specific lot, order, or
heat is not required. Traceability is required only to mate-
rial specification and grade and type and class, if
applicable.

(4) For pipe or tube where the length is not ade-
quate for the complete marking in accordance with the
material specification or not provided in accordance
with TM-140.1(a)(3), the material shall be acceptable as
complying with the material specification, provided the
following are met:

(a) A coded marking is applied to each piece of
pipe or tube by the material Manufacturer or material
supplier.
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(b) The coded marking applied by the material
Manufacturer or material supplier is traceable to the
specification designation, including the grade, type, and
class, if applicable.

(b) Except as otherwise provided in TM-110(a)
through (e), TM-110.10, TM-120, and TM-130.1, when
some requirements of a material specification of Section
II have been completed by other than the material Manu-
facturer (see TM-140.2 and TM-210.4), then the tank
Manufacturer shall obtain supplementary material test
reports or certificates of compliance, and the Inspector
shall examine these documents and shall determine that
they represent the material and meet the requirements
of the material specification.

(c) When requirements or provisions of this Section
applicable to the materials exceed or supplement the
requirements of the material specification of Section II
(see TM-140.2, TM-150.6, and TM-210.1), then the tank
Manufacturer shall obtain supplementary material test
reports or certificates of compliance and the Inspector
shall examine these documents and shall determine that
they represent the material and meet the requirements
or provisions of Section XII.

(d) Unless otherwise specified below, all materials to
be used in constructing a pressure vessel shall be visually
examined before fabrication for the purpose of detecting,
as far as possible, imperfections that would affect the
safety of the pressure vessel.

(1) Particular attention should be given to cut edges
and other parts of rolled plate that would disclose the
existence of laminations, shearing cracks, and other
imperfections.

(2) All materials that are to be impact-tested in
accordance with the requirements of TM-200 shall be
examined for surface cracks.

(3) When a pressure part is to be welded to a flat
plate thicker than 13 mm (1⁄2 in.) to form a corner joint
under the provisions of TW-130.5(e), the weld joint prep-
aration in the flat plate shall be examined before welding
as specified in TM-140.1(d)(4) by either the magnetic
particle or liquid-penetrant methods. After welding,
both the peripheral edge of the flat plate and any
remaining exposed surface of the weld joint preparation
shall be reexamined by the magnetic particle or liquid-
penetrant methods as described in TM-140.1(d)(4).
When the plate is nonmagnetic, only the
liquid-penetrant method shall be used.

(4) For Fig. TW-130.5-2, the weld joint preparation
and the peripheral edges of the flat plate forming a
corner joint shall be examined as follows:

(a) the weld edge preparation of typical weld
joint preparations in the flat plate as shown in sketches
(b), (c), (d), and (f)

(b) the outside peripheral edge of the flat plate
after welding as shown in sketches (a), (b), (c), and (d)
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(c) the outside peripheral edge of the flat plate
after welding, as shown in sketches (e), (f), and (g) if
the distance from the edge of the completed weld to the
peripheral edge of the flat plate is less than the thickness
of the flat plate, such as defined in TD-500(b)

(d) the inside peripheral surface of the flat plate
after welding as shown in sketches (m) and (n)

(e) The Inspector shall ensure himself that the thick-
ness and other dimensions of material comply with the
requirements of this Section.

(f) The Inspector shall satisfy himself that the inspec-
tion and marking requirements of TM-190 have been
complied with for those castings assigned a casting qual-
ity factor exceeding 80%.

TM-140.2 Heat Treatment Performed by Other Than
Material Manufacturer

When specification heat treatments are not performed
by the material Manufacturer, they shall be performed
by, or be under the control of the Manufacturer who
shall place the letter T following the letter G in the
Mill plate marking (see SA-20) to indicate that the heat
treatments required by the material specification have
been performed. The Manufacturer shall also document
in accordance with TM-140.1(b) that the specified heat
treatment has been performed.

See TF-310.2, TF-610.3, and TF-610.4 for heat treatment
of test specimens.

TM-140.3 Marking on Materials

The Inspector shall inspect materials used in the con-
struction to see that they bear the identification required
by the applicable material specification, except as other-
wise provided in TM-110(b), TM-110.10, TM-120, or
TM-140.1. Should the identifying marks be obliterated
or the material be divided into two or more parts, the
marks shall be properly transferred by the manufacturer
as provided in TF-110.2(a). (See TM-140.2.)

TM-140.4 Examination of Surfaces

All materials used in the construction shall be exam-
ined for imperfections that have been uncovered during
fabrication as well as to determine that the work has
been done properly. (See TF-110.3.)

TM-150 ADDITIONAL REQUIREMENTS FOR
CARBON AND LOW ALLOY STEELS

TM-150.1 Use in Welded Construction

Carbon and low alloy steel having a carbon content
of more than 0.35% by heat analysis shall not be used
in welded construction or be shaped by oxygen cutting.

TM-150.2 Carbon and Low Alloy Steel Bolt Material

(a) Approved specifications for bolt materials of car-
bon steel and low alloy steel are given in
Table TM-130.2-1. (See TM-110.6.)
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(b) High alloy steel and nonferrous bolts, studs, and
nuts may be used, provided they meet the requirements
of TM-160.2(a) or TM-170.1, as applicable.

TM-150.3 Nuts and Washers for Carbon Steel and
Low Alloy Steel Vessels

(a) Materials for nuts shall conform to SA-194,
SA-563, or to the requirements for nuts in the specifica-
tions for the bolting material with which they are to be
used. Nuts of special design, such as wing nuts, may
be made of any suitable wrought material listed in
Table TM-130.2-1 or Table TM-130.2-2 and shall be either:
hot- or cold-forged; or machined from hot-forged, hot-
rolled, or cold-drawn bars. Washers may be made from
any suitable material listed in Table TM-130.2-1 and
Table TM-130.2-2.

(b) Nuts shall be semifinished, chamfered, and
trimmed. Nuts shall be threaded to Class 2B or finer
tolerances according to ASME B1.20.1. For use with
flanges conforming to the standards listed in TD-100.5,
nuts shall conform at least to the dimensions given in
ASME B18.2.2 for Heavy Series Nuts.

(c) Nuts of special design or dimensions other than
ANSI Heavy Series may be used, provided their strength
is equal to that of the bolting, giving due consideration
to bolt hole clearance, bearing area, thread form and
class of fit, thread shear, and radial thrust from threads
[see TG-100.2(c)].

TM-150.4 Carbon and Low Alloy Steel Bars

(a) Carbon and low alloy steel bolt materials listed in
Table TM-130.2-1 may be used as bar material. Allowable
stresses at different temperatures are given in Section
II, Part D.

(b) Parts made from bars, on which welding is done,
shall be made of material for which a P-Number for
procedure qualification is given in Section IX, QW/
QB-422.

(c) Use of Rod and Bar for Nozzle Neck. In addition to
the pressure parts listed in TM-110.8, rod and bar mate-
rial listed in Table TM-130.2-1 may be used for nozzle
necks of pressure vessels, provided the following addi-
tional requirements are met:

(1) When the nozzle neck is greater than DN 100
(NPS 4), or nozzle nominal wall thickness is less than
that for standard wall pipe, or the design hoop tension
stress is greater than 50% of the allowable stress value,
the material shall be formed into a ring. The joints in
the ring shall be welded using joints that are Type No. 1
or 2 of Table TW-130.4.

TM-150.5 Structural Quality Steel

(a) Structural quality steel plate, sheets, and shapes
conforming to specifications listed in Table TM-130.2-1
may be used for nonpressure boundary materials and
for attachments to pressure boundary materials not
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deemed to be essential to the structural integrity of the
pressure vessel.

(b) Structural quality plates, sheets, and shapes may
not be used for pressure parts in transport tanks con-
forming to the requirements of this Section, except as
permitted by Mandatory Appendix VIII or the applica-
ble Modal Appendix.

TM-150.6 Heat Treatment of Test Specimens

(a) Heat treatment as used in this Section shall include
all thermal treatments of the material during fabrication
exceeding 480°C (900°F).

(b) When material is subject to heat treatment during
fabrication, the test specimens required by the applicable
specification shall be obtained from sample coupons
that have been heat treated in the same manner as the
material, including such heat treatments as were applied
by the material producer before shipment. The required
tests may be performed by the material producer or the
fabricator.

(c) The material used in the tank shall be represented
by test specimens that have been subjected to the same
manner of heat treatment, including postweld heat treat-
ment. The kind and number of tests and test results shall
be as required by the material specification. The tank
Manufacturer shall specify the temperature, time, and
cooling rates to which the material will be subjected
during fabrication, except as permitted in TF-310.2(g).
Material from which the specimens are prepared shall
be heated at the specified temperature within reasonable
tolerances such as are normal in actual fabrication. The
total time at temperature shall be at least 80% of the
total time at temperature during actual heat treatment
of the product and may be performed in a single cycle.
Simulation of postweld heat treatment time may be
applied to the test specimen blanks.

(d) Heat treatment of material is not intended to
include such local heating as thermal cutting, pre-
heating, welding, or heating below the lower transfor-
mation temperature of tubing and pipe for bending or
sizing.

(e) Exemptions From Requirement of Sample Test
Coupons. See TF-310.2 for exemptions from the require-
ment of heat treating sample test coupons.

TM-160 ADDITIONAL REQUIREMENTS FOR HIGH
ALLOY STEELS

TM-160.1 High Alloy Steel Materials

The specifications in Table TM-130.2-2 do not use a
uniform system for designating the Grade number of
materials that have approximately the same range of
chemical composition. To provide a uniform system of
reference, these tables include a column of UNS (Unified
Numbering System) numbers assigned to identify vari-
ous alloy compositions. When these particular UNS
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numbers were assigned, the familiar AISI type numbers
for stainless steels were incorporated in the designation.
These type numbers are used in the rules of this Section
whenever reference is made to materials of approxi-
mately the same chemical composition that are fur-
nished under more than one approved specification or
in more than one product form.

TM-160.2 High Alloy Steel Bolt Material

(a) Approved specifications for bolt materials of high
alloy steel are given in Table TM-130.2-2. (See TM-110.6.)

(b) Nonferrous bolts, studs, and nuts may be used,
provided they meet the requirements of TM-170.1 or
TM-170.2, as applicable.

TM-160.3 Metallurgical Phenomena

See Appendix A, A-300 of Section II, Part D.

TM-170 ADDITIONAL REQUIREMENTS FOR
NONFERROUS MATERIALS

TM-170.1 Bolt Material

(a) Approved materials for nonferrous bolts are listed
in Tables TM-130.2-3, TM-130.2-4, TM-130.2-5, and
TM-130.2-7. (See TM-110.6.)

(b) When bolts are machined from heat-treated, hot-
rolled, or cold-worked material and are not subse-
quently hot-worked or annealed, the allowable stress
values in Section II, Part D, Table 3, to be used in design
shall be based on the condition of the material selected.

TM-170.2 Nuts and Washers

(a) Approved materials for nonferrous nuts and
washers are listed in Tables TM-130.2-3, TM-130.2-4,
TM-130.2-5, and TM-130.2-7.

(b) Nuts may be of any dimension or shape, provided
their strength is equal to that of bolting, giving due
consideration to bolt hole clearance, bearing area, thread
form and class of fit, thread shear, and radial thrust from
threads.

TM-170.3 Metallurgical Phenomena

See Appendix A, A-400 of Section II, Part D.

TM-180 ADDITIONAL REQUIREMENTS FOR
FERRITIC STEELS ENHANCED BY HEAT
TREATMENT

TM-180.1 Heat Treatment of Test Coupons

See TF-610.3 for heat treatment verification tests.
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TM-180.2 Structural Attachments and Stiffening
Rings to Ferritic Steels With Properties
Enhanced by Heat Treatment

(a) Except as permitted in TM-180.2(b), all structural
attachments and stiffening rings that are welded directly
to pressure parts shall be made of materials of specified
minimum yield strength within ±20% of that of the mate-
rial to which they are attached and which are listed in
Table TM-130.2-6.

(b) All permanent structural attachments welded
directly to shells or heads constructed of materials con-
forming to SA-333 Grade 8, SA-334 Grade 8, SA-353,
SA-522, SA-553, and SA-645 shall be of the material
covered by these specifications or austenitic stainless
steel of the type that cannot be hardened by heat treat-
ment. If suitable austenitic stainless steel is used for
permanent attachments, consideration should be given
to the greater coefficient of expansion of the austenitic
stainless steel.

TM-190 ADDITIONAL REQUIREMENTS FOR
CASTINGS

(a) Quality Factors. A casting quality factor as speci-
fied below shall be applied to the allowable stress values
for carbon and low alloy steel castings. At a welded
joint in a casting, only the lesser of the casting quality
factor or the weld joint efficiency specified in TW-130.4
applies, but not both. NDE methods and the acceptance
standards are given in Mandatory Appendix X.

(1) A casting quality factor not to exceed 80% shall
be applied to static castings, which are examined in
accordance with the minimum requirements of the mate-
rial specification. In addition to the minimum require-
ments of the material specification, all surfaces of
centrifugal castings shall be machined after heat treat-
ment to a finish not coarser than 6.35 �m (250 �in.)
arithmetical mean deviation, and a factor not to exceed
85% shall be applied.

(2) For nonferrous materials, a factor not to exceed
90% shall be applied if in addition to the minimum
requirements of TM-190(a)(1).

(a) Each casting is subjected to a thorough exami-
nation of all surfaces, particularly such as are exposed
to machining or drilling, without revealing any defects.

(b) At least three pilot castings5 representing the
first lot of five castings made from a new or altered

5 Pilot casting: any one casting, usually one of the first from a
new pattern, poured of the same material and using the identical
foundry procedure (rising, gating, pouring, and melting) as the
casting it is intended to represent. Any pilot casting or castings
taken to represent a lot and the castings of that lot shall be poured
from a heat of metal from which the castings on the current order
are poured.
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design are sectioned or radiographed at all critical sec-
tions6 without revealing any defects.

(c) One additional casting taken at random from
every subsequent lot of five is sectioned or radiographed
at all critical sections without revealing any defects.

(d) All castings other than those that have been
radiographed are examined at all critical sections6 by
the magnetic particle or liquid-penetrant methods in
accordance with the requirements of Mandatory
Appendix X.

(3) For nonferrous materials, a factor not to exceed
90% may be used for a single casting that has been
radiographed at all critical sections and found free of
defects.

(4) For nonferrous materials, a factor not to exceed
90% may be used for a casting that has been machined
to the extent that all critical sections6 are exposed for
examination for the full wall thickness. The examination
afforded may be taken in lieu of destructive or radio-
graphic testing required in TM-190(a)(2)(b).

(5) For carbon, low alloy, or high alloy steels, higher
quality factors may be applied if, in addition to the
minimum requirements of TM-190(a)(2)(a), additional
examinations are made as follows:

(a) For centrifugal castings, a factor not to exceed
90% may be applied if the castings are examined by
the magnetic particle or liquid-penetrant methods in
accordance with the requirements of Mandatory
Appendix X.

(b) For static and centrifugal castings, a factor
not to exceed 100% may be applied if the castings are
examined with all the requirements of Mandatory
Appendix X.

(6) The following additional requirements apply
when castings (including those permitted in TM-110.10)
are to be used in vessels containing hazardous fluids
[see TW-100.1(a)].

(a) Casings of cast iron and cast ductile iron are
prohibited.

(b) Each casting of nonferrous material permitted
by this Section shall be radiographed at all critical sec-
tions6 without revealing any defects. The quality factor
for nonferrous castings shall not exceed 90%.

(c) Each casting of steel material permitted by
Section XII shall be examined per Mandatory Appendix
X for severe service applications [see Mandatory
Appendix X, para. X3(b)]. The quality factor shall not
exceed 100%.

6 Critical sections: for static castings, the sections where imperfec-
tions are usually encountered are abrupt changes in section and
at the junctions of risers, gates, or feeders to the casting. For centrif-
ugal castings, critical sections shall be interpreted to be any abrupt
changes of section, the circumference for a distance of at least 75
mm (3 in.) from each end, and one additional circumferential band
at least 75 mm (3 in.) wide and including the area of the most
severe indication detected by other examination methods.
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(b) Defects. Imperfections found as unacceptable by
either the material specification or by Mandatory
Appendix X, para. X3, whichever is more restrictive,
are considered to be defects and shall be the basis for
rejection of the casting. Where defects may have been
repaired by welding, the completed repair shall be sub-
ject to reexamination and, when required by either the
rules of this Section or the requirements of the casting
specification, the repaired casting shall be examined as
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required by TM-190(a)(2), (3), (4), (5), or (6). Repairs shall
be made using the procedures and Welders qualified in
accordance with Section IX.

(c) Identification and Marking. Each casting to which a
quality factor greater than 80% is applied shall be
marked with the name, trademark, or other traceable
identification of the Manufacturer and the casting identi-
fication, including the casting quality factor and the
material designation.
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Article TM-2
Notch Toughness Requirements

TM-200 GENERAL TOUGHNESS REQUIREMENTS
FOR ALL STEEL PRODUCTS

TM-210 GENERAL

(a) Unless exempted by TM-240 or TM-250, or other-
wise specified in TM-250.1(d)(2) or TM-260.2(b), Charpy
V-notch impact tests in accordance with Article TM-2
shall be made for steel materials used for shells, heads,
nozzles, manways, reinforcing pads, flanges, backing
strips that remain in place, and attachments that are
essential to structural integrity of the pressure vessel
when welded to pressure-retaining components.

(b) Toughness test requirements for materials listed
in Table TM-130.2-1 are given in TM-240 and the accept-
ance criteria is in TM-220.1 and TM-220.2. Toughness
requirements for materials listed in Table TM-130.2-2 are
given in TM-250. Toughness requirements for materials
listed in Table TM-130.2-6 are given in TM-260. For weld
and heat-affected zone toughness requirements, see
TM-230, TM-240.2, TM-250.1, TM-250.2, and TM-260.3,
as applicable.

(c) Impact testing is not required for vessels con-
structed of materials listed in Tables TM-130.2-3,
TM-130.2-4, TM-130.2-5, and TM-130.2-7 (see TM-270).

TM-210.1 Test Procedures

(a) Impact test procedures and apparatus shall con-
form to the applicable paragraphs of SA-370.

(b) Unless permitted by Table TM-210.1, the impact
test temperature shall not be warmer than the minimum
design metal temperature [see TD-140(b)].

TM-210.2 Test Specimens

(a) Each set of impact tests shall consist of three
specimens.

(b) The impact test specimens shall be of the Charpy
V-notch type and shall conform in all respects to
Fig. TM-210.2. The standard full-size (10 mm � 10 mm)
specimen, when obtainable, shall be used, except that
for materials that normally have absorbed energy in
excess of 245 J (180 ft-lbf) when tested using full-size
specimens at the specified testing temperature, subsize
(10 mm � 6.7 mm) specimens may be used in lieu of
full-size specimens. However, when this option is used,
the acceptance value shall be 100 J (75 ft-lbf) minimum
for each specimen.

(c) For material from which full-size specimens can-
not be obtained, either due to the material shape or
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Table TM-210.1 Impact Test Temperature
Differential

Minimum Specified Temperature Difference,
Yield Strength, °C (°F)

MPa (ksi) [Note (1)]

≤ 275 (40) 6 (10)
≤ 380 (55) 3 (5)
> 380 (55) 0 (0)

NOTE:
(1) Impact test temperature may be warmer than the minimum design

temperature by the amount shown.

Fig. TM-210.2 Simple Beam Impact Test Specimens
(Charpy-Type Test)

10 mm 
  (0.394 in.) [Note (1)]

8 mm (0.315 in.) 

0.25 mm
   (0.010 in.) R

45
  deg

55 mm (2.165 in.)

NOTE:
(1) See TM-210.2(c) and TM-220.3(b) for width of reduced-type

specimen.

thickness, the specimens shall be either the largest possi-
ble subsize specimen obtainable or specimens of full
material thickness, which may be machined to remove
surface irregularities. [The test temperature criteria of
TM-220.3(b) shall apply for Table TM-130.2-1 materials
having a specified minimum tensile strength less than
655 MPa (95 ksi) when the width along the notch is less
than 80% of the material thickness.] Alternatively, such
material may be reduced in thickness to produce the
largest possible Charpy subsize specimen. Toughness
tests are not required where the maximum obtainable
Charpy specimen has a width along the notch less than
2.5 mm (0.099 in.), but carbon steels too thin to impact
test shall not be used for design temperatures colder
than −48°C (−55°F).
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TM-210.3 Standard Product Forms
When no procedural requirements are included in the

product specification for toughness testing, the follow-
ing apply:

(a) The manufacturer of small parts, either cast or
forged, may certify a lot of not more than 20 duplicate
parts by reporting the results of one set of impact speci-
mens taken from one such part selected at random,
provided the same specification and heat of material
and the same process of production, including heat treat-
ment, were used for all of the lot.

(b) When the part is too small to provide the three
specimens of at least minimum size indicated in
TM-210.2, no impact test need be made [see
TM-210.2(c)].

TM-210.4 Certification of Compliance With Impact
Test Requirements

(a) Certified reports of impact tests by the materials
manufacturer will be acceptable evidence that the mate-
rial meets the requirements of this paragraph, provided

(1) the specimens taken are representative of the
material delivered and the material is not subjected to
heat treatment during or following fabrication that will
materially reduce its impact properties, or

(2) the materials from which the specimens are
removed are heat treated separately such that they are
representative of the material in the finished vessel (see
TF-310.2)

(b) The Manufacturer of the vessel may have impact
tests made to prove the suitability of a material that the
materials Manufacturer has not impact-tested, provided
that the number of tests and the method of taking the
test specimens are as specified for the materials
Manufacturer (see TM-140.1).

TM-220 ACCEPTANCE CRITERIA FOR IMPACT
TESTS OF FERROUS MATERIALS OTHER
THAN BOLTING

TM-220.1 Minimum Energy Requirements for Table
TM-130.2-1 Materials With Specified
Minimum Tensile Strength Less Than 655
MPa (95 ksi)

The applicable minimum energy requirement for all
specimen sizes shall be that shown in Fig. TM-220.1
multiplied by the ratio of the actual specimen width
along the notch to the width of a full-size specimen,
except as otherwise provided in TM-210.2(b). The mini-
mum impact test energy for one specimen shall not be
less than two-thirds of the minimum average energy
required for three specimens.

TM-220.2 Lateral Expansion Requirements for All
Other Steels

(a) Except for materials produced and impact-tested
in accordance with the specifications listed in General
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Note (c) of Fig. TM-220.1, the applicable minimum lat-
eral expansion opposite the notch for all specimen sizes
for Table TM-130.2-1 materials having a specified mini-
mum tensile strength of 655 MPa (95 ksi) or greater and
for Table TM-130.2-6 materials shall be not less than the
requirements shown in Table TM-220.2. The minimum
values for intermediate thicknesses may be obtained by
straight line interpolation.

(b) For Table TM-130.2-2 materials, the minimum lat-
eral expansion opposite the notch shall be 0.38 mm
(0.015 in.) for minimum design metal temperatures
(MDMTs) of −196°C (−320°F) and warmer. For MDMTs
colder than −196°C (−320°F), the testing temperature
shall be −196°C (−320°F) and the lateral expansion oppo-
site the notch shall be not less than 0.53 mm (0.021 in.).
(See also Fig. TM-220.2.)

TM-220.3 Impact Test Temperature Criteria

For all Charpy impact tests, the following test temper-
ature criteria shall be observed:

(a) For Materials of Thickness Equal to or Greater Than
10 mm (0.394 in.). Where the largest obtainable Charpy
V-notch specimen has a width along the notch of at least
8 mm (0.315 in.) (see Fig. TM-210.2), the Charpy test of
such a specimen shall be conducted at a temperature not
warmer than the minimum design metal temperature.
Where the largest possible test specimen has a width
along the notch less than 8 mm (0.315 in.), the test shall
be conducted at a temperature colder than the minimum
design metal temperature by the amount shown in
Table TM-220.3 for the specimen width. [This require-
ment does not apply when the option of TM-210.2(b) is
used.]

(b) For Materials With Thickness Less Than 10 mm
(0.394 in.). Where the largest obtainable Charpy V-notch
specimen has a width along the notch of at least 80%
of the material thickness, the Charpy test of such a speci-
men shall be conducted at a temperature not warmer
than the minimum design metal temperature.1

Where the largest possible test specimen has a width
along the notch of less than 80% of the material thick-
ness, the test for Table TM-130.2-1 materials having a
specified minimum tensile strength of less than 655 MPa
(95 ksi), shall be conducted at a temperature colder than
the minimum design metal temperature by an amount
equal to the difference (referring to Table TM-220.3)
between the temperature reduction corresponding to the
actual material thickness and the temperature reduction
corresponding to the Charpy specimen width actually
tested. [This requirement does not apply when the
option of TM-210.2(b) is used.] For Table TM-130.2-1
materials having a specified minimum tensile strength
greater than or equal to 655 MPa (95 ksi), and for

1 Where applicable for materials listed in Table TM-130.2-1, the
impact test temperature may be adjusted in accordance with
Table TM-210.1.
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Fig. TM-220.1 Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy
Steels, Having Specified Minimum Tensile Strength Less Than 95 ksi, Listed in Table TM-130.2-1

Maximum Nominal Thickness of Materials or Weld, mm (in.)
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14 (10)

20 (15)

27 (20)

41 (30)

54 (40)

68 (50)

10 mm (0.394 in.)

≤262 MPa (38 ksi)

 310 MPa (45 ksi)

 344 MPa (50 ksi)

 379 MPa (55 ksi)

≥448 MPa (65 ksi)

Minimum specified
yield strength

GENERAL NOTES:
(a) Interpolation between yield strengths is permitted.
(b) The minimum impact energy value for one specimen shall not be less than two-thirds of the average energy required for three specimens.
(c) Material produced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, SA-437, SA-540 (except for

materials produced under Table 2, Note 4 in SA-540), and SA-765 do not have to satisfy these energy values. They are acceptable for
use at minimum design metal temperature not colder than the test temperature when the energy values required by the applicable
specification are satisfied.

(d) For materials having a specified minimum tensile strength of 655 MPa (95 ksi) or more, see TM-220.2.
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Table TM-220.2 Minimum Lateral
Expansion Requirements

Minimum Charpy V-Notch
Maximum Nominal Thickness, Lateral Expansion, mm (mils)

mm (in.) [Note (1)]

≤ 32 (11⁄4) 0.38 (15)
54 (21⁄8) 0.51 (20)
75 (3) 0.64 (25)

NOTE:
(1) Straight line interpolation for intermediate values is permitted.

Fig. TM-220.2 Illustration of Lateral Expansion in a
Broken Charpy V-Notch Specimen

10 mm
(0.394 in.)

Width along notch

Charpy V-Notch Specimen

Broken Specimen

a

A−A

Impact

b

B−B

A

A

B

B

2 mm
(0.079 in.)

Tables TM-130.2-2 and TM-130.2-6 materials, the test
shall be conducted at a temperature not warmer than
the minimum design metal temperature.

TM-220.4 Retest

(a) For Absorbed Energy Criteria. If the absorbed energy
criteria are not met, retesting in accordance with the
applicable procedures of SA-370 shall be permitted.

(b) For Lateral Expansion Criteria
(1) Retesting is permitted only if the average value

for three specimens equals or exceeds the value required
(a) for Table TM-130.2-1 materials having speci-

fied minimum tensile strengths of 655 MPa (95 ksi) or
greater and for Table TM-130.2-6 materials, if the mea-
sured value of lateral expansion for one test specimen
in a group of three is less than that required by
Table TM-220.2
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Table TM-220.3 Charpy Impact Test Temperature
Reduction Below Minimum Design Metal

Temperature (MDMT)

Actual Material Thickness [See TM-220.3(b)] of Charpy Impact
Specimen Width Along the Notch [Note (1)]

Thickness, Temperature Reduction,
mm (in.) °C (°F)

10.01 (full-size standard bar) (0.394) 0 (0)
8.99 (0.354) 0 (0)
8.00 (0.315) 0 (0)
7.49 (3⁄4 size bar) (0.295) 3 (5)
7 (0.276) 4 (8)
6.7 (2⁄3 size bar) (0.262) 6 (10)
5.99 (0.236) 8 (15)
5.00 (1⁄2 size bar) (0.197) 11 (20)
4 (0.158) 17 (30)
3.33 (1⁄3 size bar) (0.131) 19 (35)
3.00 (0.118) 22 (40)
2.51 (1⁄4 size bar) (0.099) 28 (50)

GENERAL NOTE: For Table TM-130.2-1 materials having a specified
minimum tensile strength of less than 655 MPa (95 ksi), when the
subsize Charpy impact width is less than 80% of the material
thickness.

NOTE:
(1) Straight line interpolation for intermediate values is permitted.

(b) for materials of Table TM-130.2-2 for MDMTs
no colder than −196°C (−320°F), if the measured value
of lateral expansion for one test specimen in a group of
three is less than 0.38 mm (0.015 in.), but not less than
0.25 mm (0.010 in.)

(c) for materials of Table TM-130.2-2 for MDMTs
colder than −196°C (−320°F), if the measured value of
lateral expansion for one test specimen in a group of
three is less than 0.53 mm (0.021 in.), but not less than
0.38 mm (0.015 in.)

(d) for materials of Table TM-130.2-6, if the mea-
sured value of lateral expansion for one specimen in a
group of three is less than that required in
Table TM-220.2, but not less than two-thirds of the
required value

(2) The retest shall consist of three additional speci-
mens. For materials listed in Table TM-130.2-6 and for
Table TM-130.2-1 materials having specified tensile
strengths of 655 MPa (95 ksi) or greater, the retest value
for each specimen must equal or exceed the value listed
in Table TM-220.2. For Table TM-130.2-2 materials, the
retest value for each specimen must equal or exceed
0.38 mm (0.015 in.) for MDMTs no colder than −196°C
(−320°F).

(3) If the required values are not obtained in the
retest, or if the values in the initial test are less than
minimum required for retest, the material may be reheat-
treated. After reheat treatment, a set of three specimens
shall be made; for acceptance, the lateral expansion of
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each of the specimens must equal or exceed the mini-
mum required values in Table TM-220.2.

(c) When an erratic result is caused by a defective
specimen or there is uncertainty in the test procedure,
a retest will be allowed. When the option of TM-220.2(b)
is used for the initial test and the acceptance of 100 J
(75 ft-lbf) minimum is not attained, retest using full-
size (10 mm � 10 mm) specimens will be allowed.

TM-230 IMPACT TEST REQUIREMENTS FOR
WELDED JOINTS

TM-230.1 Impact Testing of Welds

(a) For steel vessels of welded construction, the
impact toughness of welds and heat-affected zones of
procedure qualification plates and vessel impact test
plates (production impact test plates) shall be deter-
mined as herein required.

(b) All test plates shall be subjected to heat treatment,
including cooling rates and aggregate time at tempera-
ture or temperatures as established by the Manufacturer
for use in actual manufacture. Heat treatment require-
ments of TM-140.1, TF-310.2, TF-610.3, and TF-610.4 shall
apply to the test plates, except that the provisions of
TF-310.2(f) are not applicable to plates joining P-Nos. 1
and 2 materials.

TM-230.2 Location, Orientation, Temperature, and
Values of Weld Impact Tests

All welded joint impact tests shall comply with the
following:

(a) Each set of weld metal impact specimens shall be
taken across the weld with the notch in the weld metal.
Each specimen shall be oriented so that the notch is
normal to the surface of the material and one face of
the specimen shall be within 1.6 mm (1⁄16 in.) of the
surface of the material.

(b) Each set of heat-affected zone impact test speci-
mens shall be taken across the weld and of sufficient
length to locate, after etching, the notch in the heat-
affected zone. The notch shall be cut approximately nor-
mal to the material surface in such a manner as to include
as much of the heat-affected zone material as possible
in the resulting fracture.

(c) For welds made of solid-state welding process,
such as for electric resistance welded pipe, the weld
impact tests shall consist only of one set of three speci-
mens taken across the weld with the notch at the weld
centerline. Each specimen shall be oriented such that
the notch is normal to the surface of the material and
one face of the specimen shall be within 1.6 mm (1⁄16 in.)
of the surface of the material. The weld impact tests are
not required if the weld and the base metal have been
annealed, normalized, or quenched and tempered.

(d) The test temperature for welds and heat affected
zones shall not be higher than required for the base
metal.
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(e) Impact test values shall be at least as high as those
required for the base metal.

TM-230.3 Impact Tests of Welding Procedure
Qualifications

(a) General. For steel vessels of welded construction,
the impact toughness of the welds and heat-affected
zones of the procedure qualification test plates shall
be determined in accordance with TM-230.2 and the
requirements specified in TM-230.3(a) through (d).

(b) When Required. Welding procedure impact tests
shall be made when required by TM-240.2, TM-250, or
TM-260.3. For vessels constructed of carbon and low
alloy steels in Table TM-130.2-1, the test plate material
shall satisfy the following requirements relative to the
material to be used in production:

(1) be of the same P-Number and Group Number
for ferrous materials and the same P-Number and UNS
Number for nonferrous materials

(2) meet the minimum notch toughness require-
ments of TM-220.1 for the thickest material of the range
of base material qualified by the procedure (see
Fig. TM-220.1).

If impact tests are required for the weld metal, but
the base metal is exempted from impact tests (as in
TM-250), welding procedure test plates shall be made.
The test plate material shall be material of the same P-
Number and Group Number used in the vessel. One
set of impact test specimens shall be taken with the
notch approximately centered in the weld metal and
perpendicular to the surface; the heat-affected zone need
not be impact-tested.

When the welding procedure employed for produc-
tion welding is used for fillet welds only, it shall be
qualified by a groove weld qualification test. The qualifi-
cation test plate or pipe material shall meet the require-
ments of TM-210 when impact testing is a requirement.

(c) Material Over 38 mm (11⁄2 in.) Thick. When proce-
dure tests are made on material over 38 mm (11⁄2 in.) in
thickness, three sets of impact test specimens are
required. One set of heat-affected zone specimens shall
be taken as described in TM-230.2(b). Two sets of impact
test specimens shall be taken from the weld with one
set located near [within 1.6 mm (1⁄16 in.)] the surface of
one side of the material and one set taken as near as
practical midway between the surface and the center of
thickness of the opposite side as described in TM-230.2.

(d) Supplementary Essential Variables. The additional
supplementary essential variables described in Section
IX, QW-250, for impact testing are required.

TM-230.4 Vessel (Production) Impact Test Plates

(a) General. In addition to the requirements of
TM-230.3, impact tests of welds and heat-affected zones
shall be made in accordance with TM-230.2 for each
qualified welding procedure used on each vessel or
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group of vessels as defined in TM-230.4(c). The vessel
impact test plate shall be one of the heats of steel used
for the vessel or group of vessels. For Category A joints,
the test plate shall, where practicable, be welded as an
extension to the end of a production joint so that the
test plate weldment will represent as nearly as practica-
ble the quality and type of welding in the vessel joint.
For Category B joints that are welded using a different
welding procedure than used on Category A joints, a
test plate shall be welded under the production welding
conditions used for the vessel, using the same type of
equipment and at the same location and using the same
procedures as used for the joint, and it shall be welded
concurrently with the production welds or as close to
the start of production welding as practicable.

(b) When Required. Vessel (production) impact test
plates shall be made for all joints for which impact tests
are required for the welding procedure by TM-240.2,
TM-250, and TM-260.3 (except where production test
plates are specifically exempt by these paragraphs). Tests
shall be made of the weld metal and/or heat-affected
zone to the extent required by the procedure test (see
TM-240.2, TM-250, and TM-260.3).

(c) Number of Impact Test Plates Required
(1) For each vessel, one test plate shall be made for

each welding procedure used for joints of Categories A
and B, unless the vessel is one of several as defined in
TM-230.4(c)(2). In addition, for Categories A and B joints
the following shall apply:

(a) If automatic or semiautomatic welding is per-
formed, a test plate shall be made in each position
employed in the vessel welding.

(b) If manual welding is also employed, a test
plate shall be made in the flat position only; except if
welding is to be performed in other positions, a test
plate need be made in the vertical position only (where
the major portions of the layers of welds are deposited
in the vertical upward direction). Qualifications in the
vertical position shall qualify that manual process in all
positions.

(2) For several vessels or parts of vessels, welded
within any 3-month period at one location, the plate
thickness of which does not vary by more than 6 mm
(1⁄4 in.), or 25%, whichever is greater, and of the same
specification and grade of material, a test plate shall be
made for each 120 m (400 ft) of joints welded by the
same procedure.

TM-230.5 Rejection

If the vessel test plate fails to meet the impact test
requirements, the weld(s) represented by the plate shall
be unacceptable. Reheat treatment and retesting, or
retesting only, are permitted.
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TM-240 IMPACT TEST REQUIREMENTS FOR
CARBON AND LOW ALLOY STEELS

TM-240.1 For Carbon and Low Alloy Steels,
Dependent on Design Temperature

Figure TM-240.1-1 shall be used to establish impact
testing exemptions for steels listed in Table TM-130.2-1.
Unless otherwise exempted by the rules of Section XII,
impact testing is required for a combination of minimum
design metal temperature [see TD-140(b)] and thickness
(as defined below), which is below the curve assigned
to the subject material. If a minimum design metal tem-
perature and thickness combination is on or above the
curve, impact testing is not required by the rules of
Section XII, except as required by TM-240.2 for weld
metal and heat-affected zones. See also Table TM-240.1.

Components such as shells, heads, nozzles, manways,
reinforcing pads, stiffening rings, flanges, flat cover
plates, backing strips, and attachments that are essential
to the structural integrity of the vessel when welded to
pressure-retaining components shall be treated as sepa-
rate components. Each component shall be evaluated
for impact test requirements based on its individual
material classification, thickness as defined in
TM-240.1(a), (b), or (c), and the minimum design metal
temperature. The following thickness limitations apply
when using Fig. TM-240.1-1.

(a) Excluding castings, the governing thickness tg of
a welded part is as follows:

(1) for butt joints, except those in flat heads, the
nominal thickness of the thickest welded joint [see
Fig. TM-240.1-2, sketch (a)]

(2) for corner, fillet, or lap-welded joints, including
attachments as defined above, the thinner of the two
parts joined

(3) for flat heads, the larger of TM-240.1(a)(2) or
the flat component thickness divided by 4

(4) for welded assemblies comprised of more than
two components (e.g., nozzle-to-shell joint with reinforc-
ing pad), the governing thickness and permissible mini-
mum design metal temperatures of each of the
individual welded joints of the assembly shall be deter-
mined, and the warmest of the minimum design metal
temperatures shall be used as the permissible minimum
design metal temperature (MDMT) of the welded assem-
bly [see Fig. TM-240.1-2, sketch (b)]

(b) The governing thickness of a casting shall be its
largest nominal thickness.

(c) The governing thickness of flat nonwelded parts,
such as bolted flanges and flat heads, is the flat compo-
nent thickness divided by 4.

(d) The governing thickness of a nonwelded dished
head is the greater of the flat flange thickness divided
by 4 or the minimum thickness of the dished portion.

Examples of the governing thickness for some typical
vessel details are shown in Fig. TM-240.1-2.
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Fig. TM-240.1-1 Impact Test Exemption Curves
[See Notes (1) and (2)]
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Fig. TM-240.1-1 Impact Test Exemption Curves (Cont’d)

GENERAL NOTES ON ASSIGNMENT OF MATERIALS TO CURVES:
(a) Curve A applies to

(1) all carbon and all low alloy steel plates, structural shapes, and bars not listed in Curves B, C, and D below
(2) SA-216 Grades WCB and WCC if normalized and tempered or water-quenched and tempered; SA-217 Grade WC6 if normalized and

tempered or water-quenched and tempered
(b) Curve B applies to

(1) SA-216 Grade WCA if normalized and tempered or water-quenched and tempered
SA-216 Grades WCB and WCC for thicknesses not exceeding 50 mm (2 in.), if produced to fine grain practice and

water-quenched and tempered
SA-285 Grades A and B
SA-414 Grade A
SA-515 Grade 60
SA-516 Grades 65 and 70 if not normalized
SA-612 if not normalized
SA-662 Grade B if not normalized
SA/EN 10028-2 P295GH as-rolled;

(2) except for cast steels, all materials of Curve A if produced to fine grain practice and normalized which are not listed in Curves C and
D below;

(3) all pipe, fittings, forgings and tubing not listed for Curves C and D below;
(4) parts permitted under TM-110.10 shall be included in Curve B even when fabricated from plate that otherwise would be assigned to

a different curve.
(c) Curve C

(1) SA-302 Grades C and D
SA-516 Grades 55 and 60 if not normalized
SA-662 Grade A

(2) all material of Curve B if produced to fine grain practice and normalized and not listed for Curve D below.
(d) Curve D

SA-203
SA-508 Grade 1
SA-516 if normalized
SA-524 Classes 1 and 2
SA-537 Classes 1, 2, and 3
SA-612 if normalized
SA-662 if normalized
SA-738 Grade A
SA-738 Grade A with Cb and V deliberately added in accordance with the provisions of the material specification, not

colder than −29°C (−20°F)
SA-738 Grade B not colder than −29°C (−20°F)
SA/EN 10028-2 P295GH if normalized [see Note (g)(3)]
SA/EN 10028-3 P275NH

General Notes and Notes continue on next page
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Fig. TM-240.1-1 Impact Test Exemption Curves (Cont’d)

GENERAL NOTES ON ASSIGNMENT OF MATERIALS TO CURVES (CONT’D):
(e) For bolting and nuts, the following impact test exemption temperature shall apply:

Bolting

Impact Test Exemption
Spec. No. Grade Diameter, mm (in.) Temperature, °C (°F)

SA-193 B5 Up to 100 (4), incl. −29 (−20)
B7 Up to 65 (21⁄2), incl. −48 (−55)

Over 65 (21⁄2) to 180 (7) −40 (−40)
B7M Up to 65 (21⁄2), incl. −48 (−55)
B16 Up to 180 (7), incl. −29 (−20)

SA-307 B All −29 (−20)
SA-320 L7, L7A, Up to 65 (21⁄2), incl. See General Note (c) of Fig. TM-220.1

L7M, Up to 65 (21⁄2), incl. See General Note (c) of Fig. TM-220.1
L43 Up to 25 (1), incl. See General Note (c) of Fig. TM-220.1

SA-325 1 13 (1⁄2) to 38 (11⁄2) −29 (−20)
SA-354 BC Up to 100 (4), incl. −18 (0)
SA-354 BD Up to 100 (4), incl. −7 (20)
SA-437 B4B, B4C All diameters See General Note (c) of Fig. TM-220.1
SA-449 . . . Up to 75 (3), incl. −29 (−20)
SA-540 B21 Cl. All All Impact test required

B22 Cl. 3 Up to 100 (4), incl. Impact test required
B23 Cl. 1, 2 All Impact test required
B23 Cl. 3, 4 Up to 150 (6), incl. See General Note (c) of Fig. TM-220.1
B23 Cl. 3, 4 Over 150 (6) to 240 (91⁄2), incl. Impact test required
B23 Cl. 5 Up to 200 (8), incl. See General Note (c) of Fig. TM-220.1
B24 Cl. 5 Over 200 (8) to 240 (91⁄2), incl. Impact test required
B24 Cl. 1 Up to 150 (6), incl. See General Note (c) of Fig. TM-220.1
B24 Cl. 1 Over 150 (6) to 200 (8), incl. Impact test required
B24 Cl. 2 Up to 180 (7), incl. See General Note (c) of Fig. TM-220.1
B24 Cl. 2 Over 180 (7) to 240 (91⁄2), incl. Impact test required
B24 Cl. 3, 4 Up to 200 (8), incl. See General Note (c) of Fig. TM-220.1
B24 Cl. 3, 4 Over 200 (8) to 240 (91⁄2), incl. Impact test required
B24 Cl. 5 Up to 240 (91⁄2), incl. See General Note (c) of Fig. TM-220.1
B24V Cl. 3 All See General Note (c) of Fig. TM-220.1

Nuts

Spec. Impact Test Exemption
No. Grade Temperature, °C (°F)

SA-194 2, 2H, 2HM, 3, 4, 7, 7M, and 16 −55 (−48)
SA-540 B21/B22/B23/B24/B24V −55 (−48)

(f) When no class or grade is shown, all classes or grades are included.
(g) The following shall apply to all material assignment notes.

(1) Cooling rates faster than those obtained by cooling in air, followed by tempering, as permitted by the material specification, are
considered to be equivalent to normalizing or normalizing and tempering heat treatments.

(2) Fine grain practice is defined as the procedure necessary to obtain a fine austenitic grain size as described in SA-20.
(3) Normalized rolling condition is not considered as being equivalent to normalizing.

NOTES:
(1) Tabular values for this Figure are provided in Table TM-240.1.
(2) Castings not listed in General Notes (a) and (b) above shall be impact tested.
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Table TM-240.1 Tabular Values for
Fig. TM-240.1-1

Thickness, Curve A, Curve B, Curve C, Curve D,
in. °F °F °F °F

0.25 18 −20 −55 −55
0.3125 18 −20 −55 −55
0.375 18 −20 −55 −55
0.4375 25 −13 −40 −55
0.5 32 −7 −32 −55

0.5625 37 −1 −26 −51
0.625 43 5 −22 −48
0.6875 48 10 −18 −45
0.75 53 15 −15 −42
0.8125 57 19 −12 −38
0.875 61 23 −9 −36
0.9375 65 27 −6 −33
1 68 31 −3 −30

1.0625 72 34 −1 −28
1.125 75 37 2 −26
1.1875 77 40 4 −23
1.25 80 43 6 −21
1.3125 82 45 8 −19
1.375 84 47 10 −18
1.4375 86 49 12 −16
1.5 88 51 14 −14

1.5625 90 53 16 −13
1.625 92 55 17 −11
1.6875 93 57 19 −10
1.75 94 58 20 −8
1.8125 96 59 22 −7
1.875 97 61 23 −6
1.9375 98 62 24 −5
2 99 63 26 −4

2.0625 100 64 27 −3
2.125 101 65 28 −2
2.1875 102 66 29 −1
2.25 102 67 30 0
2.3125 103 68 31 1
2.375 104 69 32 2
2.4375 105 70 33 3
2.5 105 71 34 4

2.5625 106 71 35 5
2.625 107 73 36 6
2.6875 107 73 37 7
2.75 108 74 38 8
2.8125 108 75 39 8
2.875 109 76 40 9
2.9375 109 77 40 10
3 110 77 41 11

GENERAL NOTE: See Fig. TM-240.1-1 for SI values.
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TM-240.2 Impact Tests of Welding Procedures

Except as exempted by TM-240.4(a), the Welding
Procedure Qualification for welded construction shall
include impact tests of welds and heat-affected zones
made in accordance with TM-230 when required by the
following provisions. The MDMT used below shall be
the MDMT stamped on the nameplate, or the exemption
temperature of the welded component before applying
the temperature reduction permitted by TM-240.3(a) or
TM-240.4(g):

(a) Welds made with filler metal shall be impact-
tested in accordance with TM-210 and TM-230 when
any of the following apply:

(1) when either base metal is required to be impact-
tested by the rules of this Section, or

(2) when joining base metals from Fig. TM-240.1-1
Curves C or D, or metals exempted from impact testing
by TM-240.4(f), and the minimum design metal temper-
ature is colder than −29°C (−20°F) but not colder than
−48°C (−55°F), unless welding consumables that have
been classified by impact tests at a temperature not
warmer than the MDMT by the applicable SFA specifica-
tion are used

(3) when joining base metals exempt from impact
testing by TM-240.4(f) when the design metal tempera-
ture is colder than −48°C (−55°F).

(b) Welds in materials listed in Table TM-130.2-1 made
without the use of filler metal shall be impact-tested
when the thickness of the weld exceeds 13 mm (1⁄2 in.)
for all minimum design metal temperatures or when
the thickness at the weld exceeds 8 mm (5⁄16 in.) and the
minimum design metal temperature is colder than 10°C
(50°F).

(c) Weld heat-affected zones produced with or with-
out the addition of filler metal shall be impact-tested
whenever any of the following apply:

(1) when the base metal is required to be impact-
tested by the rules of this Section

(2) when the welds have any individual weld pass
exceeding 13 mm (1⁄2 in.) in thickness, and the minimum
design metal temperature is colder than 21°C (70°F)

(3) when joining base metals exempt from testing
by TM-240.4(f) when the minimum design metal tem-
perature is colder than −48°C (−55°F)

(d) Vessel (production) impact tests in accordance
with TM-230.4 may be waived for any of the following:

(1) weld metals joining steels exempted from
impact testing by TM-240.1 or TM-240.4 for minimum
design metal temperatures of −29°C (−20°F) or warmer

(2) weld metals defined in TM-240.2(a)(2) and (a)(3)
(3) heat-affected zones in steels exempted from

impact testing by TM-240.1 or TM-240.4, except when
TM-240.2(c)(3) applies
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Fig. TM-240.1-2 Some Typical Tank Details Showing the Governing Thicknesses as Defined in TM-240.1
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Fig. TM-240.1-2 Some Typical Tank Details Showing the Governing Thicknesses as
Defined in TM-240.1 (Cont’d)
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Fig. TM-240.1-2 Some Typical Tank Details Showing the Governing Thicknesses as
Defined in TM-240.1 (Cont’d)
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tg1 � thinner if tA or tB

(f) Welded Attachments as Defined in TM-240.1

GENERAL NOTE: tg p governing thickness of the welded joint as defined in TM-240.1.

TM-240.3 For Carbon and Low Alloy Steels,
Dependent on Design Stress Values

(a) When the coincident ratio defined in
Fig. TM-240.3-1 is less than one, Fig. TM-240.3-1 pro-
vides a basis for the use of components made of
Table TM-130.2-1 materials without impact testing at
MDMT colder than that derived from TM-240.1.

(1) For such components, and for MDMT of −48°C
(−55°F) and warmer, the MDMT without impact testing
as determined in TM-240.1 for the given material and
thickness may be reduced as determined from
Fig. TM-240.3-1. If the resulting temperature is colder
than the required MDMT, impact testing of the material
is not required.

(2) Figure TM-240.3-1 may also be used for compo-
nents not stressed in general primary membrane tensile
stress, such as flat heads, covers, and flanges (including
bolts and nuts). The MDMT of these components with-
out impact testing as determined in TM-240.1 or
TM-240.4(b) may be reduced as determined from
Fig. TM-240.3-2. The ratio used in Step 3 of
Fig. TM-240.3-2 shall be the ratio of maximum design
pressure at the MDMT to the maximum allowable pres-
sure (MAP) of the component at the MDMT. If the
resulting temperature is colder than the required
MDMT, impact testing of the material is not required,
provided the MDMT is not colder than −48°C (−55°F).

(3) In lieu of using TM-240.3(a)(2), the MDMT
determined in TM-240.1 or TM-240.4(b) may be reduced
for a flange attached by welding, by the same reduction
as determined in TM-240.3(a)(2) for the neck or shell to
which the flange is attached. The bolt-up condition need
not be considered when determining the temperature
reduction for flanges.

(4) When the minimum design metal temperature
is colder than −48°C (−55°F), impact testing is required
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for all materials, except as allowed in TM-240.3(a)(5)
and TM-240.4(g).

(5) When the minimum design metal temperature
is colder than −48°C (−55°F) and not colder than −104°C
(−155°F), and the coincident ratio defined in
Fig. TM-240.3-1 is less than or equal to 0.35, impact
testing is not required.

(b) The exemptions in TM-240.3(a) apply to those ves-
sels in which the pressure is dependent on the vapor
pressure of the contents (e.g., vessels subject to low sea-
sonal atmospheric temperatures). For such services, the
primary thickness calculations normally will be made
for the maximum design pressure coincident with the
maximum temperature expected on or above the line in
Fig. TM-240.1-1 for the applicable group of materials,
using the appropriate design stress values in Section II,
Part D. Thickness calculations then will be made for the
maximum coincident pressure expected below the line
in Fig. TM-240.1-1 for the applicable group of materials
using the reduced design stress value(s). The greater of
the thickness so calculated shall be used. Comparison of
pressure ratios or stress ratios may suffice when loadings
not caused by pressure are insignificant.

TM-240.4 Other Requirements and Exemptions for
Carbon and Low Alloy Steels

(a) Impact testing in accordance with Article TM-2 is
not mandatory for tank materials, which satisfy all of
the following:

(1) The material shall be limited to P-No. 1, Gr. No.
1 or 2, and the thickness as defined in TM-240.1 shall
not exceed that given in TM-240.4(a)(1)(a) and (a)(1)(b):

(a) 6 mm (1⁄4 in.) for materials listed in Curve A
of Fig. TM-240.1-1

(b) 13 mm (1⁄2 in.) for materials listed in Curve B,
C, or D of Fig. TM-240.1-1
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Fig. TM-240.3-1 Reduction in Minimum Design Metal Temperature Without Impact Testing
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Nomenclature (Note reference to General Notes of Fig. TM-240.3-2)
c p corrosion allowance, mm (in.)

tn p nominal thickness of the component under consideration before corrosion allowance is deducted, mm (in.)
tr p required thickness of the component under consideration in the corroded condition for all applicable loadings [Gen-

eral Note (b)], based on the applicable joint efficiency E [General Note (c)], mm (in.)
Alternative Ratio p S*E* divided by the product of the maximum allowable stress value for materials Table TM-130.2-1 times E, where

S* is the applied general primary tensile stress and E and E* are as defined in General Note (c)
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Fig. TM-240.3-2 Diagram of TM-240.1 Rules for Determining Lowest Minimum Design Metal Temperature
(MDMT) Without Impact Testing

Repeat for all governing thickness [General Note (e)] and
  take warmest value as the lowest allowable MDMT to be
  marked on nameplate for the zone under consideration
  [General Note (j)]. See TS-100.
See TT-220 for coldest recommended metal temperature
  during hydrostatic test [General Note (f)].
See TT-210(b) for coldest metal temperature permitted
  during pneumatic test [General Note (f)].

Determine adjusted MDMT for governing
  thickness under consideration.

Requirement

Legend

Optional General Notes follow on next page

Using Ratio from Step 3 to enter ordinate
  of Fig. TM-240.3-1, determine reduction in Step
  2 MDMT [General Note (i)].

Select MDMT from Fig. TM-240.1-1 [General Note (d)] for each
  nominal noncorroded governing thickness [General Note (e)].

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Establish nominal thickness [General Note (a)] of welded parts, nonwelded parts, and attachments
  under consideration both before and after corrosion allowance is deducted (tn and tn  –  c, respectively), and
  other pertinent data applicable to the nominal thickness such as:

All applicable loadings [General Note (b)] and coincident minimum design metal
  temperature (MDMT)
Materials of construction
E
tn
tr

c

=
=
=

=

joint efficiency [General Note (c)]
nominal noncorroded thickness [General Note (a)], mm (in.)
required thickness in corroded condition for all applicable loadings [General Note (b)],
based on the applicable joint efficiency [General Note (c)], mm (in.)

corrosion allowance, mm (in.)
Applicable curve(s) of Fig. TM-240.1-1

Determine Ratio:

[General Notes (c), (f), (g), and (h)]

tr E
tn  –  c
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Fig. TM-240.3-2 Diagram of TM-240.1 Rules for Determining Lowest Minimum Design Metal Temperature
(MDMT) Without Impact Testing (Cont’d)

GENERAL NOTES to FIG. TM-240.3-2:
(a) For pipe where a mill undertolerance is allowed by the material specification, the thickness after the mill undertolerance has been deducted

shall be taken as the noncorroded nominal thickness, tn, for determination of the MDMT to be stamped on the nameplate. Likewise, for
formed heads, the minimum specified thickness after forming shall be used as tn.

(b) Loadings, including those listed in TD-200, which result in general primary membrane tensile stress at the coincident MDMT.
(c) E is the joint efficiency (Table TW-130.4) used in the calculation of tr; E* has a value equal to E, except that E* shall not be less than

0.80. For castings, use quality factor or joint efficiency E, whichever governs design.
(d) The construction of Fig. TM-240.1-1 is such that the MDMT so selected is considered to occur coincidentally with the applied general

primary membrane tensile stress at the maximum allowable stress value in tension from Section II Part D. Tabular values for Fig. TM-
240.1-1 are shown in Table TM-240.1.

(e) See TM-240.1(a), (b), and (c) for definitions of governing thickness.
(f) If the basis for calculated test pressure is greater than the design pressure, a ratio based on the tr determined from the basis for calculated

test pressure and associated appropriate value of tn − c shall be used to determine the recommended coldest metal temperature permitted
during the pneumatic test. See TT-210(a)(3) and TT-210(b)(5).

(g) Alternatively, a ratio of S*E* divided by the product of the maximum allowable stress value in tension from Section II, Part D, times E may
be used, where S* is the applied general membrane tensile stress and E and E* are as defined in General Note (c).

(h) For TM-240.3(b) and TM-240.4(h), a ratio of the maximum design pressure at the MDMT to the maximum allowable pressure (MAP) at the
MDMT shall be used. The maximum MAP is defined as the highest permissible pressure as determined by the design formulas for the
component using the nominal thickness less corrosion allowance and the maximum allowable stress value from Section II, Part D at the
MDMT. For ferritic steel flanges defined in TM-220.4(b), the flange rating at the warmer of the MDMT or 38°C (100°F) may be used as
the MAP.

(i) For reduction in MDMT up to and including 4°C (40°F), the reduction can be determined by: reduction in MDMT p (1 − ratio) 38°C [MDMT p
(1 − ratio) 100°F].

(j) A colder MDMT may be obtained by selective use of impact-tested materials as appropriate to the need (see TM-210). See also TM-
240.4(g).

(2) The completed vessel shall be hydrostatically
tested in accordance with Article TT-2 of Section XII.

(3) The design temperature is neither warmer than
343°C (650°F) nor colder than −29°C (−20°F).

(4) Thermal or mechanical shock loadings are not
a controlling design requirement (see TD-200).

(5) Cyclic loading is not a controlling design
requirement (see TD-200).

(b) No impact testing is required for ASME B16.5 and
ASME B16.47 ferritic steel flanges used at design metal
temperatures not colder than −29°C (−20°F).

(c) No impact testing is required for Table TM-130.2-1
materials with a thickness of 2.5 mm (0.10 in.) and thin-
ner, but such exempted Table TM-130.2-1 materials shall
not be used at design metal temperatures colder than
−48°C (−55°F). For vessels or components made from
DN 100 (NPS 4) or smaller tubes or pipe of P-No. 1
materials, the following exemptions from impact testing
are also permitted as a function of the material’s speci-
fied minimum yield strength (SMYS) for metal tempera-
tures of −104°C (−155°F) and warmer:

SMYS, MPa (ksi) Thickness, mm (in.)

140 to 240 (20 to 35) 6.0 (0.237)
250 to 310 (36 to 45) 3.2 (0.125)
315 (46) and higher 2.5 (0.10)

(d) The material Manufacturer’s identification mark-
ing die required by the material specification shall not
be stamped on plate material less than 6 mm (1⁄4 in.) in
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thickness unless the following requirements are met:
(1) The materials shall be limited to P-No. 1 Group

Nos. 1 and 2.
(2) The minimum nominal plate thickness shall be

5 mm (0.1875 in.) or the minimum nominal pipe wall
thickness shall be 4 mm (0.154 in.).

(3) Minimum design metal temperature shall be
not colder than −29°C (−20°F).

(e) Unless specifically exempted in Fig. TM-240.1-1,
materials having a SMYS greater than 450 MPa (65 ksi)
must be impact-tested.

(f) Materials produced and impact-tested in accor-
dance with specifications listed in Fig. TM-220.1, Gen-
eral Note (c), are exempt from impact testing by the
rules of this Section at minimum design metal tempera-
tures not more than 3°C (5°F) colder than the test temper-
ature required by the specification.

(g) If postweld heat treating is performed when it is
not otherwise a requirement of Section XII, a 17°C (30°F)
reduction in the temperature at which impact testing is
required by Fig. TM-240.1-1 is permitted for P-No. 1
materials (see TF-320.1).

(h) For components made of Table TM-130.2-1 materi-
als that are impact-tested, Fig. TM-240.3-1 provides a
basis for the use of these components at a MDMT colder
than the impact test temperature, provided the coinci-
dent ratio defined in Fig. TM-240.3-1 is less than one
and the MDMT is not colder than −104°C (−155°F).
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(1) For such components, the MDMT shall be not
colder than the impact test temperature less the allow-
able temperature reduction as determined from
Fig. TM-240.3-2.

(2) Figure TM-240.3-1 may also be used for compo-
nents not stressed in primary membrane tensile stress,
such as flat heads, covers, tubesheets, and flanges
(including bolts and nuts). The MDMT shall be not
colder than the impact test temperature less the allow-
able temperature reduction as determined from
Fig. TM-240.3-2. The ratio used in Step 3 of
Fig. TM-240.3-2 shall be the ratio of maximum design
pressure at the MDMT to the maximum allowable pres-
sure (MAP) of the component at the MDMT.

(3) In lieu of using TM-240.4(h)(2), the MDMT for
a flange attached by welding shall be not colder than the
impact test temperature less the allowable temperature
reduction as determined in TM-240.4(h)(1) for the neck
or shell to which the flange is attached.
NOTE: The bolt-up condition need not be considered when
determining the temperature reduction for flanges.

(i) No impact testing is required for metal backing
strips, which remain in place, made of materials
assigned to Curve A of Fig. TM-240.1-1 in thicknesses
not exceeding 6 mm (1⁄4 in.) when the minimum design
temperature is −29°C (−20°F) or warmer.

TM-250 IMPACT TEST REQUIREMENTS FOR HIGH
ALLOY STEELS

Impact tests employing the lateral expansion criterion
of TM-220.2 shall be performed on materials listed in
Table TM-130.2-2 for all combinations of materials and
minimum design metal temperatures, except as
exempted by TM-250.1, TM-250.2, TM-250.3, or
TM-250.4.

TM-250.1 Required Impact Testing of Base Metal,
Heat-Affected Zones, and Weld Metal

(a) Impact tests shall be made from sets of three test
specimens: base metal, heat-affected zone, and weld
metal. The specimens shall be subjected to the same
heat treatments2 as the part or vessel that the specimens
represent. Test procedures, size, location, and orientation
of the specimen shall be the same as required in TM-220
and TM-230.

(b) Each of the three specimens tested in each set shall
have a lateral expansion opposite the notch not less than
0.38 mm (0.015 in.) for MDMTs of −196°C (−320°F) and
warmer.

(c) When MDMT is −196°C (−320°F) and warmer, and
the average value of lateral expansion of the three speci-
mens in a set equals or exceeds 0.38 mm (0.015 in.), but

2 Thermal treatments of materials are not intended to include
warming to temperatures not exceeding 316°C (600°F), thermal
cutting, or welding.
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the value of lateral expansion for one specimen of that
set is less than 0.38 mm (0.015 in.), but not less than
0.25 mm (0.010 in.), a retest of three additional specimens
may be made in accordance with TM-220.4(b).

(d) When MDMT is colder than −196°C (−320°F), pro-
duction welding processes shall be limited to shielded
metal arc welding (SMAW), gas metal arc welding
(GMAW), and gas tungsten arc welding (GTAW). Notch
toughness testing shall be performed as specified in
TM-250.1(d)(1) and TM-250.1(d)(2), as appropriate.

(1) If using Type 316L weld filler metal
(a) each heat of filler metal used in production

shall have a Ferrite Number (FN) not greater than 5, as
determined by applying the chemical composition from
the test weld to Fig. TM-250.1

(b) notch toughness testing of base metal, weld
metal, and heat-affected zone (HAZ) shall be conducted
using a test temperature of −196°C (−320°F)

(c) each of the three test specimens from each
test set shall have a lateral expansion opposite the notch
not less than 0.53 mm (0.021 in.)

(2) If using filler metals other than Type 316L, or
when the base metal, weld metal, or filler metal are
unable to meet the requirements of TM-250.1(d)(1)

(a) notch toughness testing shall be conducted at
a test temperature not warmer than MDMT, using the
ASTM E 1820 JIC method

(b) a set of two specimens shall be tested in the
T-L orientation3 with the resulting KIC (J) of not less than
132 MPa�m (120 ksi�in.)

(c) each heat or lot of filler metal used in produc-
tion shall have a ferrite number (FN) not greater than
the FN determined for the test weld.

TM-250.2 Required Impact Testing for Welding
Procedure Qualifications

For welded construction, the Welding Procedure
Qualification shall include impact tests of welds and
heat-affected zones (HAZs) made in accordance with
TM-230.3 and with the requirements of TM-250.1, when
any of the components4 of the welded joint are required
to be impact-tested by the rules of Section XII.

TM-250.3 Required Impact Tests When Thermal
Treatments Are Performed

Impact tests are required at the colder of 21°C (70°F)
or the minimum design metal temperature, whenever
thermal treatments within the temperature ranges listed
for the following materials are applied:

(a) austenitic stainless steels thermally treated
between 482°C and 900°C (900°F and 1,650°F), except
Types 304, 304L, 316, and 316L, which are thermally

3 See ASTM E 399, Fig. 1, for test specimen and crack plane
orientation in rectangular sections (e.g., plate).

4 Either base metal or weld metal.
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Fig. TM-250.1 Weld Metal Delta Ferrite Content
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GENERAL NOTES:
(a) The actual nitrogen content is preferred. If this is not available, the following applicable nitrogen value shall be used:

(1) GMAW welds - 0.08%, except that when self shielding flux cored electrodes are used - 0.12%
(2) Welds made using other processes - 0.06%.

(b) This diagram is identical to the WRC-1992 Diagram, except that the solidification mode lines have been removed for ease of use.

treated at temperatures between 482°C and 704°C (900°F
and 1,300°F), are exempt from impact testing, provided
the MDMT is −29°C (−20°F) and warmer and vessel
(production) impact tests of the thermally treated weld
metal are performed for Categories A and B joints

(b) austenitic-ferritic duplex stainless steels thermally
treated at temperatures between 316°C and 954°C (600°F
and 1,750°F)

(c) ferritic chromium stainless steels and martensitic
chromium stainless steels thermally treated at tempera-
tures between 427°C and 732°C (800°F and 1,350°F)

TM-250.4 Exemptions From Impact Testing for Base
Metals and Heat-Affected Zones

Impact testing is not required for Table TM-130.2-2
base metals when the nominal thickness is less than
2.5 mm (0.099 in.).

Impact testing is not required for the following combi-
nations of base metals and heat-affected zones (if
welded) and minimum design metal temperatures
(MDMTs), except as modified in TM-250.3.
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(a) For austenitic chromium-nickel stainless steels as
follows:

(1) Types 304, 304L, 316, 316L, 321, and 347 at
MDMTs of −196°C (−320°F) and warmer

(2) those not listed in TM-250.4(a)(1) and having a
carbon content not exceeding 0.10% at MDMTs of −196°C
(−320°F) and warmer

(3) having a carbon content exceeding 0.10% at
MDMTs of −48°C (−55°F) and warmer

(4) for castings at MDMTs of −29°C (−20°F) and
warmer

(b) For austenitic chromium-manganese-nickel stain-
less steels (200 series) as follows:

(1) having a carbon content not exceeding 0.10% at
MDMTs of −196°C (−320°F) and warmer

(2) having a carbon content exceeding 0.10% at
MDMTs of −48°C (−55°F) and warmer

(3) for castings at MDMTs of −29°C (−20°F) and
warmer

(c) For the following cast and wrought steels at
MDMTs of −29°C (−20°F) and warmer:
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(1) austenitic-ferritic duplex steels with a nominal
thickness of 10 mm (3⁄8 in.) and thinner

(2) ferritic chromium stainless steels with a nomi-
nal thickness of 3.2 mm (1⁄8 in.) and thinner

(3) martensitic chromium stainless steels with a
nominal thickness of 6 mm (1⁄4 in.) and thinner

Carbon content as used in TM-250.4(a) and (b) is as
specified by the purchaser and must be within the limits
of the material specification.

TM-250.5 Exemptions From Impact Testing for
Welding Procedure Qualifications

For welding procedure qualifications, impact testing
is not required for the following combinations of weld
metals and MDMTs, except as modified in TM-250.3:

(a) for austenitic chromium-nickel stainless steel base
materials having a carbon content not exceeding 0.10%,
welded without the addition of filler metal, at MDMTs
of −104°C (−155°F) and warmer

(b) for austenitic weld metal
(1) having a carbon content not exceeding 0.10%

and produced with filler metals conforming to SFA-5.4,
SFA-5.9, SFA-5.11, SFA-5.14, and SFA-5.22 at MDMTs of
−104°C (−155°F) and warmer

(2) having a carbon content exceeding 0.10% and
produced with filler metals conforming to SFA-5.4,
SFA-5.9, SFA-5.11, SFA-5.14, and SFA-5.22 at MDMTs of
−48°C (−55°F) and warmer

(c) for the following weld metal, when the base metal
of similar chemistry is exempt as stated in TM-250.4(c),
then the weld metal shall also be exempt at MDMTs of
−29°C (−20°F) and warmer:

(1) austenitic-ferritic duplex steels
(2) ferritic chromium stainless steels
(3) martensitic chromium stainless steels

TM-250.6 Required Impact Testing for Vessel
(Production) Plates

For welded construction, vessel (production) impact
tests in accordance with TM-230.4 are required if the
Welding Procedure Qualification requires impact testing
unless otherwise exempted by the rules of this Section.

Vessel (production) impact tests are not required for
welds joining austenitic chromium-nickel or austenitic
chromium-manganese-nickel stainless steels at MDMTs
not colder than −196°C (−320°F) where all of the follow-
ing conditions are satisfied:

(a) The welding processes are limited to shielded
metal arc, submerged arc, gas metal arc (GMAW and
FCAW), gas tungsten arc, and plasma arc.

(b) The applicable Welding Procedure Specifications
(WPSs) are supported by Procedure Qualification Rec-
ords (PQRs) with impact testing in accordance with the
requirements of TM-210 (using the acceptance criteria
of TM-250.1) at the minimum design metal temperature
or colder, or when the applicable PQR is exempted from
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impact testing by other provisions of Section XII.
(c) The weld metal (produced with or without the

addition of filler metal) has a carbon content not
exceeding 0.10%.

(d) The weld metal is produced by filler metal con-
forming to SFA-5.4, SFA-5.9, SFA-5.11, SFA-5.14, and
SFA-5.22 as modified below.

(1) Each heat and/or lot of welding consumables
to be used in production welding with the shielded
metal arc (SMAW) and gas metal arc (GMAW) processes
shall be qualified by conducting impact tests at or below
the MDMT, except as exempted by TM-250.5(b) in accor-
dance with Section II, Part C, SFA-5.4, A9.12. Acceptance
criteria shall conform with TM-250.1.

(2) Each heat of welding consumables to be used
in production welding with the submerged arc (SAW)
process shall be qualified by conducting impact tests
with each lot and/or batch of flux at or below the MDMT,
except as exempted by TM-250.5(b) in accordance with
Section II, Part C, SFA-5.4, A9.12. Acceptance criteria
shall conform with TM-250.1.

(3) Combining more than one welding process or
more than one heat, lot, and/or batch of welding mate-
rial into a single test coupon is unacceptable. Testing at
or below the MDMT, except as exempted by TM-250.5(b)
may be conducted by the welding consumable manufac-
turer, provided certified mill test reports are furnished
with the consumables.

(4) The following filler metals may be used without
impact testing of each heat and/or lot, provided that
procedure qualification impact testing in accordance
with TM-230.3 at the minimum design metal tempera-
ture or colder is performed using the same manufacturer
brand and type filler metal: ENiCrFe-2; ENiCrFe-3;
ENiCrMo-3; ENiCrMo-4; ENiCrMo-6; ERNiCr-3;
ERNiCrMo-3; ERNiCrMo-4; SFA-5.4, E310-15 or 16.

(5) The following filler metals may be used without
impact testing of each heat and/or lot, provided that
procedure qualification impact testing in accordance
with TM-230.3 at the minimum design metal tempera-
ture or colder is performed: ER308L, ER316L, and ER310
used with GMAW, GTAW, or PAW processes.

TM-250.7 Exemption From Impact Testing Because of
Low Stress

Impact testing of materials listed in Table TM-130.2-2
is not required, except as modified by TM-250, when the
coincident ratio of design stress5 in tension to allowable
tensile stress is less than 0.35.

5 Applied stress from pressure and nonpressure loadings (see
TD-200).
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TM-260 IMPACT TEST REQUIREMENTS FOR
FERRITIC STEELS WITH TENSILE
PROPERTIES ENHANCED BY HEAT
TREATMENT

TM-260.1 General

(a) All steels listed in Table TM-130.2-6 shall be tested
for notch ductility, as required by TM-260.2. These tests
shall be conducted at a temperature not warmer than
the minimum design metal temperature [see TD-140(b)],
but not warmer than 0°C (32°F). Materials may be used
at temperatures colder than the minimum design metal
temperature as limited in TM-260.1(a)(1) and (2).

(1) When the coincident ratio defined in
Fig. TM-240.3-1 is 0.35 or less, the corresponding mini-
mum design metal temperature shall be not colder than
−104°C (−155°F).

(2) When the coincident ratio defined in
Fig. TM-240.3-1 is greater than 0.35, the corresponding
minimum design metal temperature shall not be colder
than the impact test temperature less the allowable tem-
perature reduction permitted in Fig. TM-240.3-1 and
shall in no case be colder than −104°C (−155°F).

(b) All test specimens shall be prepared from the
material in its final heat-treated condition or from full-
thickness samples of the same heat similarly and simul-
taneously treated. Test samples shall be of such size that
the prepared test specimens are free from any change
in properties due to edge effects.

(c) Where the vessel or vessel parts are to be hot-
formed or postweld heat-treated (stress-relieved), this
identical heat treatment shall be applied to the test speci-
mens required by the material specifications including
the cooling rate specified by the fabricator, which shall
in no case be slower than that specified in the applicable
material specifications.

TM-260.2 Impact Test Requirements

(a) Test Specimen and Test Procedures
(1) One Charpy V-notch test (three specimens) shall

be made from each plate as heat treated, and from each
heat of bars, pipe, tube, rolled sections, forged parts, or
castings included in any one heat treatment lot.

(2) The test procedures, and size, location, and ori-
entation of the specimens shall be the same as required
by TM-210.1, except that for plates, the specimens shall
be oriented transverse to the final direction of rolling
and for circular forgings, the specimens shall be oriented
tangential to the circumference.

(3) Each of the three specimens tested shall have a
lateral expansion opposite the notch not less than the
requirements in Table TM-220.2.

(4) If the value of lateral expansion for one speci-
men is less than that required in Table TM-220.2 but not
less than two-thirds of the required value, a retest of
three additional specimens may be made, each of which
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must be equal to or greater than the required value in
Table TM-220.2. Such a retest shall be permitted only
when the average value of the three specimens is equal
to or greater than the required value in Table TM-220.2.
If the values required are not obtained in the retest or
if the values in the initial test are less than the values
required for retest, the material may be reheat-treated.
After reheat treatment, a set of three specimens shall be
made, each of which must be equal to or greater than
the required value in Table TM-220.2.

(b) Materials conforming to SA-353 and SA-553 for
use at minimum design metal temperatures colder than
−196°C (−320°F), materials conforming to SA-517,
SA-543, and SA-592 for use at minimum design metal
temperatures colder than −29°C (−20°F), and materials
conforming to SA-645 for use at minimum design metal
temperatures colder than −171°C (−275°F) shall have, in
addition to the Charpy tests required under TM-260.2(a),
drop-weight tests as defined by ASTM E 208, Conduct-
ing Drop-Weight Tests to Determine Nil Ductility Transi-
tion Temperatures of Ferritic Steels, made as follows:

(1) For plates 16 mm (5⁄8 in.) thick and over, one
drop-weight test (two specimens) shall be made for each
plate as heat-treated.

(2) For forgings and castings of all thicknesses, one
drop-weight test (two specimens) shall be made for each
heat in any one heat treatment lot using the procedure
in SA-350 for forgings and in SA-352 for castings.

(3) Each of the two test specimens shall meet the
“no-break” criterion, as defined by ASTM E 208, at the
test temperature.

TM-260.3 Welded Joints

(a) For welded vessels, the deposited weld metal and
the heat-affected zone shall meet the impact test require-
ments of TM-210.1 and TM-230, except that the Charpy
V-notch tests and requirements of TM-260.2(a) shall
apply.

(b) The following materials are exempt from produc-
tion impact tests of the weld metal in accordance with
TM-210.1 and TM-230 under the conditions given in
TM-260.3(b)(1) through (5):

P-No./
Specification No. UNS No. Group No.

SA-353 K81340 11A/1

SA-522 Type I K81340 11A/1

SA-553 Type I K81340 11A/1

SA-553 Type II K41583 11A/1

SA-645 Grade A K41583 11A/2

(10)
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(1) One of the following high nickel alloy filler met-
als is used:

Specification No. Classification F-No.

SFA-5.11 ENiCrMo-3 43
SFA-5.11 ENiCrMo-6 43
SFA-5.11 ENiCrFe-2 43
SFA-5.11 ENiCrFe-3 43
SFA-5.14 ERNiCr-3 43
SFA-5.14 ERNiCrFe-6 43
SFA-5.14 ERNiCrMo-3 43
SFA-5.14 ERNiCrMo-4 44

(2) All required impact tests shall be performed as
part of the procedure qualification tests as specified in
TM-230.

(3) Production impact tests of the heat-affected
zone are performed in accordance with TM-230.4.

(4) The welding processes are limited to gas metal
arc, shielded metal arc, and gas tungsten arc.

(5) The minimum allowable temperature of the
tank shall be not less than −196°C (−320°F).
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TM-270 USE OF NONFERROUS MATERIALS AT
LOW TEMPERATURES

The materials in Tables TM-130.2-3, TM-130.2-4,
TM-130.2-5, and TM-130.2-7, together with deposited
weld metal within the range of composition for materials
in those tables, do not undergo a marked drop in impact
resistance at subzero temperatures. Therefore, no addi-
tional requirements are specified for wrought aluminum
alloys when they are used at temperatures down to
−269°C (−452°F); for copper and copper alloys, nickel
and nickel alloys, and cast aluminum alloys when they
are used at temperatures down to −196°C (−320°F); and
for titanium and titanium alloys used at temperatures
down to −59°C (−75°F). The materials listed in Tables
TM-130.2-3, TM-130.2-4, TM-130.2-5, and TM-130.2-7
may be used at lower temperatures than those specified
herein and for other weld metal compositions, provided
the User satisfies himself by suitable test results, such
as determinations of tensile elongation and sharp notch
tensile strength (compared to unnotched tensile
strength), that the material has suitable ductility at the
design temperature.
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PART TD
DESIGN REQUIREMENTS

Article TD-1
General Design Rules

TD-100 GENERAL

The design of all pressure vessels and vessel parts
shall conform to the general design requirements in the
following paragraphs. For vessels in a specific service,
the additional requirements of the applicable Modal
Appendix shall also be met.

TD-100.1 Minimum Thickness of Shells and Heads

Unless otherwise specified in the applicable Modal
Appendices, the minimum thickness permitted for ves-
sel shells and heads, after forming and regardless of
product form and material, shall be 1.6 mm (1⁄16 in.)
exclusive of any corrosion allowance.

TD-100.2 Mill Under-Tolerance

Plate material ordered shall be not thinner than the
minimum required design thickness. Vessels made of
plate furnished with an under-tolerance of not more
than the smaller value of 0.25 mm (0.01 in.) or 6% of
the ordered thickness may be used at the full design
pressure for the thickness ordered. If the specification
to which the plate is ordered allows a greater under-
tolerance, the ordered thickness of the materials shall
be sufficiently greater than the design thickness so that
the thickness of the material furnished is not more than
the smaller of 0.25 mm (0.01 in.) or 6% under the mini-
mum required design thickness.

TD-100.3 Pipe Under-Tolerance

If pipe or tube is ordered by its nominal wall thickness,
the manufacturing under-tolerance on wall thickness
shall be taken into account, except for nozzle wall rein-
forcement area requirements in accordance with TD-610.
The next heavier commercial wall thickness may then
be used. The manufacturing under-tolerances are given
in the pipe and tube specifications listed in Table TG-130.
After the minimum required design thickness is deter-
mined, it shall be increased by an amount sufficient to
provide the manufacturing under-tolerance allowed in
the pipe or tube specification.
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TD-100.4 Corrosion Allowance in Design Formulas
The dimensional symbols used in all design formulas

throughout this Section represent dimensions in the cor-
roded condition.

TD-100.5 Flanges and Pipe Fittings
The following standards covering flanges and pipe

fittings are acceptable for use under this Section in accor-
dance with the requirements of TM-110.10. Pressure-
temperature ratings shall be in accordance with the
appropriate standard, except that the pressure-
temperature ratings for ASME B16.9 and ASME B16.11
fittings shall be calculated for straight seamless pipes
in accordance with the rules of this Section, including
the maximum allowable stress for the material. The
thickness tolerances of the ASME standards listed in
TG-130 shall be met.

TD-110 METHODS OF FABRICATION IN
COMBINATION

A vessel may be designed and constructed by a combi-
nation of the methods of fabrication given in this Section,
provided the rules applying to the respective methods
of fabrication are followed and the vessel is limited to
the service permitted by the method of fabrication hav-
ing the most restrictive requirements.

TD-120 MATERIALS IN COMBINATION

Except as specifically prohibited by other rules of this
Section, a vessel may be designed and constructed of
any combination of materials, provided the applicable
rules are followed and the requirements in Section IX
for welding dissimilar metals are met.
NOTE: Because of the different coefficients of thermal expansion
of dissimilar materials, caution should be exercised in design and
construction under the provisions of this paragraph, in order to
avoid difficulties in service. Galvanic corrosion, if a possibility,
shall also be considered.

TD-130 CORROSION

(a) The User or his designated agent shall specify
corrosion allowances other than those required by the
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rules of this Section. Where corrosion allowances are not
provided, this fact shall be indicated on the Data Report.

(b) Vessels or parts of vessels subject to thinning by
corrosion, erosion, or mechanical abrasion shall have
provisions made for the desired life of the vessel by a
suitable increase in the minimum required design thick-
ness of the material.

(c) No additional thickness need be provided when
previous experience in like service has shown that corro-
sion does not occur or is of only a superficial nature.

(d) Vessels subject to corrosion shall be supplied with
a suitable drain opening at the lowest point practicable
in the vessel.

(e) Corrosion-resistant or abrasion-resistant linings,
whether or not attached to the wall of a vessel, shall not
be considered as contributing to the strength of the wall.

TD-140 DESIGN TEMPERATURE

(a) The maximum temperature used in design shall
be not less than the mean metal temperature (through
the thickness) expected under operating conditions for
the part considered. If necessary, the metal temperature
shall be determined by computation or by measurement
from equipment in service under equivalent operating
conditions.

(b) The minimum metal temperature specified for
design shall be the lowest expected in service. The mini-
mum specified metal temperature shall be determined
by the principles described in TD-140(a). Consideration
shall include the lowest operating temperature, opera-
tional upsets, autorefrigeration, atmospheric tempera-
ture, and any other sources of cooling. More than one
set of minimum metal temperature and corresponding
design pressures may be specified.

(c) Design temperatures listed in excess of the maxi-
mum temperatures listed in the stress allowable tables
for Section XII construction are not permitted (see
TD-210 and the applicable Modal Appendices). In addi-
tion, design temperatures for vessels under external
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pressure shall not exceed the maximum temperatures
given on the external pressure charts.

(d) The design of zones with different metal tempera-
tures may be based on their determined temperatures.

TD-150 DESIGN PRESSURES

Vessels shall be designed for at least the most severe
condition of coincident pressure and temperature
expected in normal operation. For this condition and
for test conditions, the maximum difference in pressure
between the inside and outside of a vessel shall be con-
sidered. More than one set of design pressure and corres-
ponding design temperature may be specified.

TD-160 MAWP

(a) The Maximum Allowable Working Pressure
(MAWP) for a vessel is the maximum pressure permissi-
ble at the top of the vessel in its normal operating posi-
tion at the designated coincident temperature. It is the
least of the values of MAWP calculated for any of the
essential parts of the vessel by the principles given in
TD-160(b), and adjusted for any difference in static and
dynamic head that may exist between the part consid-
ered and the top of vessel.

(b) The MAWP for a vessel part is the maximum inter-
nal or external pressure, including the coincident static
and dynamic head, as determined by the rules and for-
mulas in this Section, together with the effect of any
combination of loadings listed in TD-200, for the desig-
nated coincident temperature (excluding corrosion
allowance, see TD-130).

(c) MAWP may need to be determined for more than
one designated combination of pressure and
temperature.

(d) See the applicable Modal Appendix for additional
requirements on MAWP.
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Article TD-2
Loadings and Stress Allowables

TD-200 LOADINGS

Vessels that are constructed under the rules of this
Section shall be designed to withstand the loadings that
are expected from the vessel’s use as both a stationary
vessel and as a vessel subjected to inertial forces (includ-
ing vibratory forces) specified in the applicable Modal
Appendices.

(a) Primary Design Loads. The loadings for which a
vessel shall be designed shall include those from

(1) internal or external design pressure (as defined
in TD-150), including the additional pressure due to
static head of liquids

(2) weight of the vessel and normal contents under
operating or test conditions

(3) superimposed static reactions from the weight
of attached equipment, such as motors, machinery, other
vessels,piping, linings, and insulation

(4) the attachment of
(a) internals (see Nonmandatory Appendix B)
(b) vessel supports, such as lugs, rings, skirts,

saddles, support rails, and legs (see Nonmandatory
Appendix A)

(5) cyclic and dynamic reactions due to pressure or
thermal variations, or to equipment mounted on a vessel
and/or motor vehicle, and mechanical loadings

(6) liquid surge reactions
(7) temperature gradients and differential thermal

expansion
(8) additional loads as defined in the applicable

Modal Appendices
(b) Additional Dynamic Loads. Inertial forces acting on

vessels while being transported in service shall be evalu-
ated as equivalent static loads as required for each mode
where

Ci, Cj,
Ck p factors that shall be multiplied by the weight

of the fully loaded vessel, Wv, to determine
the corresponding inertial static equivalent
vector loadings in the indicated directions.
These factors shall be determined in combi-
nation or individually as required by the
applicable Modal Appendix.

CN p surge vector reduction factor corresponding
to number of baffles or other surge
restraining devices, N. This factor shall be
determined according to the most stringent
of the User’s requirements or the minimum
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requirements of the Competent Authority.
(See Mandatory Appendix III.)

Cs p factor that shall be multiplied by weight of
the liquid contents of the vessel, Wc, to deter-
mine the static equivalent surge vector, Fs.
This factor shall be determined from the
appropriate Modal Appendix to the trans-
portation mode for which the vessel is
designed.

Fi p static equivalent vector force directed along
the direction of travel

Fj p static equivalent net vector force in the verti-
cal direction

Fk p static equivalent vector force directed hori-
zontally normal to the expected direction
of travel

Fs p static equivalent vector force directed
against the vessel wall due to forward surge
of liquid contents in relation to the vessel

i p subscript denoting horizontal loads and
static equivalent inertial force vectors
directed parallel to expected direction of for-
ward travel

j p subscript denoting loads and static equiva-
lent inertial force and weight vectors
directed vertically

k p subscript denoting horizontal loads and
static equivalent inertial force vectors
directed normal (lateral) to expected direc-
tion of travel in the horizontal plane

N p the surge retardation number used to deter-
mine CN, equal to the number of baffles or
other surge-restraining devices that are con-
sidered to effectively retard the movement
of liquid contents of the vessel relative to
the vessel wall in the expected direction of
forward travel

Wc p weight of the liquid contents of the vessel
Wv p weight of the vessel, its contents and the

weight of all equipment, structures or other
items listed in TD-200(a)(2), (3), and (4) that
are supported by the vessel during
operation

(1) requirements for application of static equivalent
inertial load vectors in relation to orientation of the
principal axes of a vessel in motion are:
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(a) horizontal vectors directed parallel to
expected direction of travel

Fi p CiWv

(b) static equivalent inertial vectors directed
vertically

Fj p CjWv

(c) horizontal vectors directed normal (lateral) to
expected direction of travel

Fk p CkWv

(d) static equivalent vector force directed against
the vessel wall due to surge of liquid contents in relation
to the vessel

Fs p CNWc

(2) Vessels constructed for portable or intermodal
service or for service wherein the direction of travel with
relation to one or more of the vessel’s principal axes is
unknown shall be designed to withstand static equiva-
lent inertial vector loads in directions normal and paral-
lel to the direction of the meridional or longitudinal axis
of the vessel that are determined as follows:

Fi p Fk p CiWv

(3) Reaction force vectors resulting from applica-
tion of all combinations of loads to the vessel [including
static equivalent inertial loadings according to the
requirements of TD-200(b)(1) and (2)], shall be deter-
mined for each location of structural attachment to the
vessel. The loading effect of these reactions on the vessel
shall be evaluated and combined as required by the
applicable Modal Appendix.

TD-210 MAXIMUM ALLOWABLE STRESS VALUES

(a) The maximum allowable tensile stress values per-
mitted for different materials are given in Section II,
Part D, Subpart 1. (For the basis on which the tabulated
stress values have been established, see Appendix 1 of
Section II, Part D.) The allowable stress values given in
Subpart 1 of Section II, Part D for Section VIII, Division
1 shall be used in the design of tanks for this Section.
A listing of materials allowed for construction under
this Section is provided in Part TM.

(b) The maximum allowable stress values for the addi-
tional loads in TD-200(a)(8) are defined in the applicable
Modal Appendices.

(c) The maximum allowable longitudinal compres-
sive stress to be used in the design of cylindrical shells
or tubes, either seamless or butt welded, subjected to
loadings that produce longitudinal compression in the
shell or tube shall be the smaller of the following values:
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(1) the maximum allowable tensile stress value per-
mitted in TD-210(a)

(2) the value of the factor B determined by the fol-
lowing procedure

where
E p modulus of elasticity of material at design tem-

perature. The modulus of elasticity to be used
shall be taken from the applicable materials
chart in Section II, Part D, Subpart 2. (Interpola-
tion may be made between lines for intermedi-
ate temperatures.)

Ro p outside radius of cylindrical shell or tube
t p the minimum required thickness of the cylin-

drical shell or tube

The joint efficiency for butt-welded joints shall be
taken as unity.

The value of B shall be determined as follows:
Step 1. Using the selected values of t and R, calculate

the value of factor A using the following
equation:

A p
0.125
(Ro/t)

Step 2. Using the value of A calculated in Step 1, enter
the applicable material chart in Section II, Part
D, Subpart 3 for the material under consider-
ation. Move vertically to an intersection with
the material/temperature line for the design
temperature. Interpolation may be made
between lines for intermediate temperatures.
In cases where the value at A falls to the right
of the end of the material/temperature line,
assume an intersection with the horizontal
projection of the upper end of the material/
temperature line. For values of A falling to
the left of the material/temperature line, see
Step 4.

Step 3. From the intersection obtained in Step 2, move
horizontally to the right and read the value
of factor B. This is the maximum allowable
compressive stress for the values of t and R
used in Step 2.

Step 4. For values of A falling to the left of the applica-
ble material/temperature line, the value of B
shall be calculated using the following
equation:

B p
AE
2

Step 5. Compare the value of B determined in Step 3 or
4 with the computed longitudinal compressive
stress in the cylindrical shell or tube, using the
selected values of t and R. If the value of B is
smaller than the computed compressive stress,
a greater value of t must be selected and the
design procedure repeated until a value of B
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is obtained, which is greater than the compres-
sive stress computed for the loading on the
cylindrical shell or tube.

(d) The wall thickness of a vessel calculated by these
rules shall be determined such that, for any combination
of loadings listed in TD-200 that induce primary stress
and are expected to occur simultaneously during normal
operation of the vessel, the induced maximum general
primary membrane stress does not exceed the maximum
allowable stress value in tension [see TD-210(a)]. The
above loads shall not induce a combined maximum pri-
mary membrane stress plus primary bending stress
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across the thickness, which exceeds 11⁄2 times the maxi-
mum allowable stress value in tension. It is recognized
that high localized discontinuity stresses may exist in
vessels designed and fabricated in accordance with these
rules. Insofar as practical, design rules for details have
been written to limit such stresses to a safe level consist-
ent with experience.

The maximum allowable stress values that are to be
used in the thickness calculations are to be taken from
the tables at the temperature that is expected to be main-
tained in the metal under the conditions of loading being
considered. Maximum allowable stress values may be
interpolated for intermediate temperatures.
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Article TD-3
Design for Internal Pressure

TD-300 THICKNESS OF SHELLS UNDER INTERNAL
PRESSURE

The thickness of shells under internal pressure shall be
not less than that computed by the equations in TD-300.2
through TD-300.5. In addition, provisions shall be made
for any of the other loadings listed in TD-200, when
such loadings are expected.

TD-300.1 Nomenclature

The symbols defined below are used in the equations
of TD-300.2 through TD-300.5.

E p joint efficiency for, or the efficiency of, appro-
priate joint in cylindrical or spherical shells.
(For welded vessels, use the joint efficiencies
specified in TW-130.4.)

P p internal design pressure (see TD-150)
R p inside radius of the shell course under consid-

eration. For pipe, the inside radius R is deter-
mined by the nominal outside radius minus
the nominal wall thickness. For conical shells
with half apex angle not exceeding 7 deg, the
conical radius at the large end of each section
shall be used.

Ro p outside radius of the shell course under consid-
eration. For conical shells with half apex angle
not exceeding 7 deg, the conical radius at the
large end of each section shall be used.

S p maximum allowable stress value (see TD-210)
t p minimum required thickness of shell

TD-300.2 Cylindrical Shells

The minimum required design thickness or maximum
allowable working pressure of cylindrical shells and con-
ical shells with half apex angle not exceeding 7 deg shall
be the greater thickness or lesser pressure as given by
TD-300.2(a) or (b).

(a) Circumferential Stress (Longitudinal Joints). When
the thickness does not exceed one-half of the inside
radius, or P does not exceed 0.385SE, the following equa-
tions shall apply:

t p
PR

SE − 0.6P
or P p

SEt
R + 0.6t

(b) Longitudinal Stress (Circumferential Joints). When
the thickness does not exceed one-half of the inside
radius, or P does not exceed 1.25SE, the following equa-
tions shall apply:
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t p
PR

2SE + 0.4t
or P p

2SEt
R − 0.4t

TD-300.3 Spherical Shells

When the thickness of the shell of a wholly spherical
vessel does not exceed 0.356R, or P does not exceed
0.665SE, the following equations shall apply:

t p
PR

2SE − 0.2P
or P p

2SEt
R + 0.2t

TD-300.4 Local Loadings

When necessary, vessels shall be provided with stif-
feners or other additional means of support to prevent
overstress or large distortions under the external load-
ings listed in TD-200 other than pressure and
temperature.

TD-300.5 Equations in Terms of Outside Radius

The following equations in terms of outside radius
may be used:

(a) for cylindrical shells (circumferential stress)

t p
PRo

SE + 0.4P
or P p

SEt
Ro − 0.8t

(b) for spherical shells

t p
PRo

2SE + 0.8P
or P p

2SEt
Ro − 0.8t

TD-310 FORMED HEADS AND SECTIONS,
PRESSURE ON CONCAVE SIDE

The required thickness at the thinnest point after form-
ing of ellipsoidal, torispherical, and hemispherical heads
under pressure on the concave side (plus heads) shall
be computed by the appropriate formulas in this para-
graph. In addition, provision shall be made for any of
the other loadings given in TD-200.

The thickness of an unstayed ellipsoidal or torispheri-
cal head shall in no case be less than the required thick-
ness of a seamless hemispherical head divided by the
efficiency of the head-to-shell joint.

TD-310.1 Nomenclature

The symbols defined below are used in equations
in TD-310.1 through TD-310.4. Figure TD-310.1 shows
principal dimensions of typical heads.
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Fig. TD-310.1 Principal Dimensions of Typical Heads

D p inside diameter of the head skirt, or inside
length of the major axis of an ellipsoidal head

E p lowest efficiency of any joint in the head; for
hemispherical heads, this includes head-to-
shell joint; for welded vessels, use the joint
efficiencies specified in TW-130.4

ERT p modulus of elasticity at 20°C (70°F)
EST p modulus of elasticity of steel at 20°C (70°F)
ET p modulus of elasticity at maximum design tem-

perature
h p one-half of the length of the minor axis of the

ellipsoidal head or the inside depth of the
ellipsoidal head measured from the tangent
line

L p inside spherical or crown radius
P p internal design pressure (see TD-150)
r p inside knuckle radius
S p maximum allowable stress value in tension as

given in the tables referenced in TD-210
t p minimum required design thickness of head

after forming

TD-310.2 Torispherical Heads

The minimum required thickness of a torispherical
head having 0.002 ≤ t/L ≤ 0.06 shall be the larger of the
thicknesses calculated by eqs. (1) and (2). These equa-
tions are based on the assumption that the number of full
pressurization cycles does not exceed 400. Any pressure
cycle exceeding 20% of the range of full pressure cycle
shall be considered as an equivalent full pressure cycle.
[If the number of equivalent pressure cycles exceeds 400,
see TG-100.2(c) and Section VIII, Divisions 1 and 2.]

t p
PLM

2SE − 0.2P
(1)

t p
3PLKERT

4SaET
(2)

The value of Sa shall be 115,000 psi for all materials
except for aluminum, aluminum alloys, copper, copper
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alloys, titanium, and zirconium, for which the value of
Sa shall be calculated by eq. (3).

Sa p
115,000ERT

EST
(3)

The value of M shall be obtained from
Table TD-310.2-1. Interpolation may be used for r/D val-
ues that fall within the range of the tabulated values.
No extrapolation of the values is permitted.

The value of K shall be obtained from
Table TD-310.2-2. Interpolation may be used for r/D val-
ues that fall within the range of the tabulated values.
No extrapolation of the values is permitted.

TD-310.3 Ellipsoidal Heads

The minimum required thickness of an ellipsoidal
head with D/2h ratio less than or equal to 2.0 shall be
established as an equivalent torispherical head using the
rules given in TD-310.2. An acceptable approximation
of a 2:1 ellipsoidal head is a torispherical head with a
knuckle radius of 0.17D and a spherical radius of 0.9D.

TD-310.4 Hemispherical Heads

When the thickness of a hemispherical head does not
exceed 0.356L, or P does not exceed 0.665SE, the follow-
ing equations shall apply:

t p
PL

2SE − 0.2P
or P p

2SEt
L + 0.2t

TD-310.5 Crown and Knuckle Radii

The inside crown radius to which an unstayed head
is dished shall not be greater than the outside diameter
of the skirt of the head. The inside knuckle radius of a
torispherical head shall be not less than 6% of the outside
diameter of the skirt of the head but in no case less than
three times the head thickness.

TD-310.6 Thickness Transition and Tapers

All formed heads, thicker than the shell and concave
to pressure, intended for butt-welded attachment, shall
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Table TD-310.2-1 Values for M

M for M for M for M for
t/L r/D p 0.06 r/D p 0.07 r/D p 0.08 0.08 < r/D ≤ 0.2

0.002 1.00 1.00 1.00 1.00
0.004 1.00 1.00 1.00 1.00
0.006 1.28 1.00 1.00 1.00
0.008 1.41 1.20 1.00 1.00
0.010 1.41 1.26 1.10 1.00
0.012 1.38 1.25 1.13 1.00
0.016 1.31 1.21 1.12 1.00
0.020 1.25 1.17 1.08 1.00
0.030 1.14 1.08 1.01 1.00
0.040 1.07 1.01 1.00 1.00
0.060 1.00 1.00 1.00 1.00

Table TD-310.2-2 Values for K

K for K for K for K for K for K for
t/L r/D p 0.06 r/D p 0.08 r/D p 0.10 r/D p 0.14 r/D p 0.17 r/D p 0.20

0.002 7.87 6.29 5.24 3.95 3.31 2.81
0.004 6.77 5.60 4.69 3.49 2.93 2.50
0.006 6.04 5.14 4.38 3.27 2.73 2.33
0.008 5.51 4.78 4.14 3.13 2.60 2.21
0.010 5.11 4.49 3.93 3.02 2.51 2.13
0.012 4.79 4.25 3.76 2.93 2.44 2.06
0.016 4.31 3.87 3.47 2.77 2.33 1.97
0.020 3.96 3.58 3.24 2.63 2.24 1.91
0.030 3.48 3.10 2.84 2.37 2.07 1.79
0.040 3.32 2.97 2.69 2.23 1.95 1.72
0.060 3.12 2.80 2.56 2.17 1.92 1.71

have a skirt length sufficient to meet the requirements
of Fig. TW-130.5-1, when a tapered transition is required.
All formed heads concave to pressure and intended for
butt-welded attachment need not have an integral skirt
when the thickness of the head is equal to or less than
the thickness of the shell. When a skirt is provided, its
thickness shall be at least that required for a seamless
shell of the same diameter.

Any taper at a welded joint within a formed head
shall be in accordance with TW-130.5. The taper at a
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circumferential welded joint connecting a formed head
to a main shell shall meet the requirements of TW-130.5
for the respective type of joint shown therein.

TD-310.7 Flat Spots

If a torispherical, ellipsoidal, or hemispherical head
is formed with a flattened spot or surface, the diameter
of the flat spot shall not exceed that permitted for flat
heads as given by eq. (1) in TD-500(c), using C p 0.25.
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Article TD-4
Design for External Pressure

TD-400 THICKNESS OF SHELLS UNDER EXTERNAL
PRESSURE

Rules for the design of shells under external pressure
given in this Section are limited to cylindrical shells,
with or without stiffening rings, and spherical shells.
Three typical forms of cylindrical shells are shown in
Fig. TD-400.1. Charts used in determining minimum
required thickness of these components are given in
Subpart 3 of Section II, Part D.

TD-400.1 Nomenclature

The symbols defined below are used in the procedures
of this paragraph (see Fig. TD-400.1):

A p factor determined from Fig. G in Subpart 3 of
Section II, Part D and used to enter the applica-
ble material chart in Subpart 3 of Section II,
Part D

B p factor determined from the applicable material
chart in Subpart 3 of Section II, Part D for maxi-
mum design metal temperature

Do p outside diameter of cylindrical shell course
E p modulus of elasticity of material at design tem-

perature. For external pressure design in accor-
dance with this Section, the modulus of
elasticity to be used shall be taken from the
applicable materials chart in Subpart 3 of Sec-
tion II, Part D. (Interpolation may be made
between lines for intermediate temperatures.)

L p design length of a vessel section between lines
of support. A line of support is a:

(a) circumferential line on a head (excluding
conical heads) at one-third the depth of the head
from the head tangent line as shown on
Fig. TD-400.1

(b) stiffening ring that meets the require-
ments of TD-410.1

P p external design pressure (see TD-150)
Pa p calculated value of maximum allowable exter-

nal working pressure for the assumed value of t
Ro p outside radius of spherical shell

t p minimum required thickness of cylindrical shell
or tube or spherical shell

ts p nominal thickness of cylindrical shell or tube

TD-400.2 Cylindrical Shells

The required minimum thickness of a cylindrical shell
having Do/t values not less than 10, under external pres-
sure, shall be determined by the following procedure:
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Step 1. Assume a value for t and determine the ratios
L/Do and D/t.

Step 2. Enter Fig. G in Subpart 3 of Section II, Part D
at the value of L/Do determined in Step 1. For
values of L/Do greater than 50, enter the chart
at a value of L/Do p 50. For values of L/Do

less than 0.05, enter the chart at a value of
L/Do p 0.05.

Step 3. Move horizontally to the line for the value of
Do/t determined in Step 1. Interpolation may
be made for intermediate values of Do/t. From
this point of intersection, move vertically
downward to determine the value of factor A.

Step 4. Using the value of A calculated in Step 3, enter
the applicable material chart in Subpart 3 of
Section II, Part D for the material under consid-
eration. Move vertically to an intersection with
the material/temperature line for the design
temperature. Interpolation may be made
between lines for intermediate temperatures.
In cases where the value of A falls to the right
of the end of the material/temperature line,
assume an intersection with the horizontal
projection of the upper end of the material/
temperature line. For values of A falling to
the left of the material/temperature line, see
Step 7.

Step 5. From the intersection obtained in Step 4, move
horizontally to the right and read the value of
factor B.

Step 6. Using this value of B, calculate the value of
the maximum allowable external working
pressure, Pa, using the following equation:

Pa p
4B

3(Do/t)

Step 7. For values of A falling to the left of the applica-
ble material/temperature line, the value of Pa

can be calculated using the following
equation:

Pa p
2AE

3(Do/t)

Step 8. Compare the calculated value of Pa obtained
in Step 6 or 7 with P. If Pa is smaller than P,
select a larger value for t and repeat the design
procedure until a value of Pa is obtained that
is equal to or greater than P.
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Fig. TD-400.1 Diagrammatic Representation of Variables for Design of Cylindrical Vessels Subjected to
External Pressure

TD-400.3 Spherical Shells

The minimum required thickness of a spherical shell
under external pressure, either seamless or of built-up
construction with butt joints, shall be determined by the
following procedure:
Step 1. Assume a value for t and calculate the value

of factor A using the following equation:

A p
0.125
(Ro/t)

Step 2. Using the value of A calculated in Step 1, enter
the applicable material chart in Subpart 3 of
Section II, Part D for the material under consid-
eration. Move vertically to an intersection with
the material/temperature line for the design
temperature (see TD-140). Interpolation may
be made between lines for intermediate tem-
peratures. In cases where the value at A falls
to the right of the end of the material/tempera-
ture line, assume an intersection with the hori-
zontal projection of the upper end of the
material/temperature line. For values at A fall-
ing to the left of the material/temperature line,
see Step 5.

Step 3. From the intersection obtained in Step 2, move
horizontally to the right and read the value of
factor B.

Step 4. Using the value of B obtained in Step 3, calcu-
late the value of the maximum allowable exter-
nal working pressure Pa using the following
equation:

Pa p
B

(Ro/t)
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Step 5. For values of A falling to the left of the applica-
ble material/temperature line, the value of Pa
can be calculated using the following
equation:

Pa p
0.0625E

(Ro/t)2

Step 6. Compare Pa, obtained in Step 4 or 5 with P. If
Pa is smaller than P, select a larger value for t
and repeat the design procedure until a value
for Pa is obtained that is equal to or greater
than P.

TD-400.4 Stamping for Vacuum Service
Vessels intended for service under external working

pressures of 103 kPa (15 psi) and less may be stamped
with the Code symbol denoting compliance with the
rules for external pressure, provided all the applicable
rules of this Section are satisfied. When the Code symbol
is to be applied, the user or his designated agent shall
specify the required maximum allowable external work-
ing pressure. The vessel shall be designed and stamped
with the maximum allowable external working pressure.

TD-400.5 Longitudinal Lap Joints
When there is a longitudinal lap joint in a cylindrical

shell or any lap joint in a spherical shell under external
pressure, the thickness of the shell shall be determined
by the rules in this paragraph, except that 2P shall be
used instead of P in the calculations for the required
thickness.

TD-400.6 Circumferential Joints
Circumferential joints in cylindrical shells, unless

otherwise prohibited by the rules of this Section, may
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be of any type permitted by the Code and shall be
designed for the imposed loads.

TD-400.7 External Loadings

When necessary, vessels shall be provided with stif-
feners or other additional means of support to prevent
overstress or large distortions under the external load-
ings listed in TD-200 other than pressure and
temperature.

TD-400.8 External Pressure

The external design pressure or maximum allowable
external working pressure shall be not less than the
maximum expected difference in operating pressure that
may exist between the outside and the inside of the
vessel at any time.

TD-410 STIFFENING RINGS FOR CYLINDRICAL
SHELLS UNDER EXTERNAL PRESSURE

TD-410.1 Required Moment of Inertia

Except as exempted in Step 6a, the available moment
of inertia of a circumferential stiffening ring shall be not
less than that determined by one of the following two
equations:

Is p [D2
oLs(t + As/Ls)A]/14

Is′ p [D2
oLs(t + As/Ls)A]/10.9

I p available moment of inertia of the stiffening
ring cross section about its neutral axis parallel
to the axis of the shell

I′ p available moment of inertia of combined ring
shell cross section about its neutral axis parallel
to the axis of the shell. The nominal shell thick-
ness, t, shall be used and the width of shell that
is taken as contributing to the moment of inertia
of the combined section shall be not greater
than 1.10�Dots and shall be taken as lying one-
half on each side of the centroid of ring. Portions
of the shell plate shall not be considered as
contributing area to more than one stiffening
ring.

Is p required moment of inertia of the stiffening ring
cross section about its neutral axis parallel to
the axis of the shell

Is′ p required moment of inertia of the combined
ring-shell cross section about its neutral axis
parallel to the axis of the shell

If the stiffeners should be so located that the maximum
permissible effective shell sections overlap on either or
both sides of a stiffener, the effective shell section for that
stiffener shall be shortened by one-half of each overlap.

A p factor determined from the applicable chart in
Subpart 3 of Section II, Part D for the material
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used in the stiffening ring, corresponding to
the factor B, below, and the design temperature
for the shell under consideration

As p cross-sectional area of the stiffening ring
B p factor determined from the applicable chart in

Subpart 3 of Section II, Part D for the material
used for the stiffening ring

Ls p one-half of the distance from the center line of
the stiffening ring to the next line of support
on one side, plus one-half of the center line
distance to the next line of support on the other
side of the stiffening ring, both measured paral-
lel to the axis of the cylinder. A line of support is

(a) a stiffening ring that meets the require-
ments of this paragraph

(b) a circumferential connection to a jacket
for a jacketed section of a cylindrical shell

(c) a circumferential line on a head at one-
third the depth of the head from the head tan-
gent line as shown on Fig. TD-400.1.

P, Do, E, t, and ts are as defined in TD-400.1.
The adequacy of the moment of inertia for a stiffening

ring shall be determined by the following procedure:
Step 1. Assuming that the shell has been designed

and Do, Ls, and t are known, select a member
to be used for the stiffening ring and deter-
mine its cross-sectional area, As. Then calcu-
late factor B using the following equation:

B p
3
4 � PDo

t + As/Ls�
Step 2. Enter the right-hand side of the applicable

material chart in Subpart 3 of Section II, Part
D for the material under consideration at the
value of B determined by Step 1. If different
materials are used for the shell and stiffening
ring, use the material chart resulting in the
larger value of A in Step 4, below.

Step 3. Move horizontally to the left to the material/
temperature line for the design metal temper-
ature. For values of B falling below the left
end of the material/temperature line, see
Step 5.

Step 4. Move vertically to the bottom of the chart
and read the value of A.

Step 5. For values of B falling below the left end of
the material/temperature line for the design
temperature, the value of A can be calculated
using the equation A p 2B/E.

Step 6a. In those cases where only the stiffening ring
is considered, compute the required moment
of inertia from the equation for Is given in
TD-410.1.

Step 6b. In those cases where the combined ring shell
is considered, compute the required moment
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of inertia from the equation for Is′ given in
TD-410.1.

Step 7a. In those cases where only the stiffening ring
is considered, determine the available
moment of inertia I as given in the
definitions.

Step 7b. In those cases where the combined ring shell
is considered, determine the available
moment of inertia I′ as given in the
definitions.

NOTE: In those cases where the stiffening ring is not attached to
the shell or where the stiffening ring is attached but the designer
chooses to consider only the ring, Steps 6a and 7a are to be used.
In those cases where the stiffening ring is attached to the shell and
the combined moment of inertia is considered, Steps 6b and 7b
are to be used.
Step 8. If the required moment of inertia is greater

than the available moment of inertia for the
section selected, for those cases where the
stiffening ring is not attached or where the
combined ring-shell stiffness was not consid-
ered, a new section with a larger moment of
inertia must be selected; the ring must be
attached to the shell and the combination
shall be considered; or the ring-shell combi-
nation that was previously not considered
together shall be considered together. If the
required moment of inertia is greater than the
available moment of inertia for those cases
where the combined ring-shell was consid-
ered, a new ring section with a larger moment
of inertia must be selected. In any case, when
a new section is used, all of the calculations
shall be repeated using the new section prop-
erties of the ring or ring-shell combination.

If the required moment of inertia is smaller than the
available moment of inertia, whichever method is used,
that ring section or combined section is satisfactory.

CAUTIONARY NOTE: Stiffening rings may be subject to lateral
buckling. This should be considered in addition to the require-
ments for Is and Is′.

TD-410.2 Stiffening Ring Arrangement

Stiffening rings shall extend completely around the
circumference of the cylinder, except as permitted below.
Any joints between the ends or sections of such rings,
such as shown in Fig. TD-410.2-1, (A) and (B), and any
connection between adjacent portions of a stiffening ring
lying inside or outside the shell as shown in
Fig. TD-410.2-1 shall be made so that the required
moment of inertia of the combined ring-shell section is
maintained.

Stiffening rings placed on the inside of a vessel may
be arranged as shown in Fig. TD-410.2-1, (E) and (F),
provided that the required moment of inertia of the ring
in (E) or of the combined ring-shell section in (F) is
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maintained within the sections indicated. Where the gap
at (A) or (E) does not exceed eight times the thickness
of the shell plate, the combined moment of inertia of
the shell and stiffener may be used.

Any gap in that portion of a stiffening ring supporting
the shell, such as shown in Fig. TD-410.2-1, (E), shall
not exceed the length of arc given in Fig. TD-410.2-2
unless additional reinforcement is provided as shown
in Fig. TD-410.2-1 or unless the following conditions
are met:

(a) only one unsupported shell arc is permitted per
ring

(b) the length of the unsupported shell arc does not
exceed 90 deg

(c) the unsupported arcs in adjacent stiffening rings
are staggered 180 deg

(d) the dimension L defined in TD-400.1 is taken as the
larger of the following: the distance between alternate
stiffening rings, or the distance from the head tangent
line to the second stiffening ring plus one-third of the
head depth.

TD-410.3 Internal Structures as Stiffeners and
Supports

When internal plane structures perpendicular to the
longitudinal axis of the cylinder (such as bubble trays
or baffle plates) are used in a vessel, they may also be
considered to act as stiffening rings, provided they are
designed to function as such.

Any internal stays or supports used as stiffeners of
the shell shall bear against the shell of the vessel through
the medium of a substantially continuous ring.

TD-420 ATTACHMENT OF STIFFENING RINGS FOR
EXTERNAL PRESSURE

(a) Stiffening rings may be placed on the inside or
outside of a vessel, and shall be attached to the shell by
welding. The ring shall be essentially in contact with
the shell. Welding of stiffening rings shall comply with
the requirements of this Section for the type of vessel
under construction.

(b) Stiffening rings may be attached to the shell by
continuous, intermittent, or a combination of continuous
and intermittent welds. Some acceptable methods of
attaching stiffener rings are illustrated in Fig. TD-420.

(c) Intermittent welding shall be placed on both sides
of the stiffener and may be either staggered or in-line.
Length of individual fillet weld segments shall be not
less than 50 mm (2 in.) and shall have a maximum clear
spacing between toes of adjacent weld segments of 8t
for external rings and 12t for internal rings where t is
the shell thickness at the attachment. The total length
of weld on each side of the stiffening ring shall be

(1) not less than one-half the outside circumference
of the vessel for rings on the outside, and
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Fig. TD-410.2-1 Various Arrangements of Stiffening Rings for Cylindrical Vessels Subjected to External
Pressure
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Fig. TD-410.2-2 Minimum Arc of Shell Left Unsupported Because of Gap in Stiffening Ring of Cylindrical Shell
Under External Pressure
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(2) not less than one-third the circumference of the
vessel for rings on the inside

(d) A continuous full-penetration weld is permitted
as shown in sketch (e) of Fig. TD-420. Continuous fillet
welding on one side of the stiffener with intermittent
welding on the other side is permitted for sketches (a),
(b), (c), and (d) of Fig. TD-420 when the thickness tw of
the outstanding stiffener element [sketches (a) and (c)]
or width w of the stiffener element mating to the shell
[sketches (b) and (d)] is not more than 25 mm (1 in.).
The weld segments shall be not less than 50 mm (2 in.)
long and shall have a maximum clear spacing between
toes of adjacent weld segments of 24t.

(e) Strength of Attachment Welds. Stiffener ring attach-
ment welds shall be sized to resist the full radial pressure
load from the shell between stiffeners, and shear loads
acting radially across the stiffener caused by external
design loads carried by the stiffener (if any) and a com-
puted radial shear equal to 2% of the stiffener ring’s
compressive load.

(1) The radial pressure load from shell is equal to
PLs.

(2) The radial shear load is equal to 0.01PLsDo.
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(3) P, Ls, and Do are defined in TD-400.1 (see
TD-410.1 for definitions).

(f) Minimum Size of Attachment Welds. The fillet weld
leg size shall be not less than the smallest of the
following:

(1) 6 mm (1⁄4 in.)

(2) vessel thickness at weld location

(3) stiffener thickness at weld location

TD-430 FORMED HEADS, PRESSURE ON CONVEX
SIDE

(a) General. The required thickness at the thinnest
point after forming of ellipsoidal, torispherical, and
hemispherical heads under pressure on the convex side
(minus heads) shall be computed by the appropriate
formulas given in this paragraph. In addition, provisions
shall be made for any other loading referenced in
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Fig. TD-420 Some Acceptable Methods of Attaching Stiffening Rings

Shell

Stiffener

Continuous full
  penetration weld

S    8t external stiffeners
S    12t internal stiffeners

(a) (b)

S

50 mm (2 in.) 
  min.

tw

w

S

50 mm (2 in.) 
  min.

50 mm (2 in.) 
  min.

24t max.

tw

tw
t

w

(c)

Continuous Fillet Weld

One Side, Intermittent

Other Side

Staggered

Intermittent

Weld

In-line

Intermittent

Weld

tw

(d) (e)

w

tw

t

71



2010 SECTION XII

Table TD-430 Values of Spherical Radius
Factor, Ko, for Ellipsoidal Head With Pressure

on Convex Side

Do/2ho . . . 3.0 2.8 2.6 2.4 2.2
Ko . . . 1.36 1.27 1.18 1.08 0.99

Do/2ho 2.0 1.8 1.6 1.4 1.2 1.0
Ko 0.90 0.81 0.73 0.65 0.57 0.50

GENERAL NOTE: Interpolation permitted for intermediate values.

TD-200. The required thickness for heads due to pressure
on the convex side shall be determined as follows:

(1) For ellipsoidal and torispherical heads, the
required thickness shall be the greater of the following:

(a) the thickness computed by the procedure
given in TD-310 for heads with pressure on the concave
side (plus heads) using a design pressure 1.67 times the
design pressure on the convex side, assuming a joint
efficiency E p 1.00 for all cases

(b) the thickness as computed by the appropriate
procedure given in TD-430(d) or (e)

(2) For hemispherical heads, the required thickness
shall be determined by the rules given in TD-430(c).

(b) Nomenclature. The nomenclature defined below is
used in this paragraph. See Fig. TD-310.1.

A, B, E, and P are as defined in TD-400.1.
Do p outside diameter of the head skirt

Do/2ho p ratio of the major to the minor axis of ellip-
soidal heads, which equals the outside
diameter of the head skirt divided by twice
the outside height of the head (see
Table TD-430)

ho p one-half of the length of the outside minor
axis of the ellipsoidal head, or the outside
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height of the ellipsoidal head measured
from the tangent line (head-bend line)

Ko p factor depending on the ellipsoidal head
proportions, Do/2ho, (see Table TD-430)

Ro p for hemispherical heads, the outside radius
p for ellipsoidal heads, the equivalent outside

spherical radius taken as KoDo
p for torispherical heads, the outside radius

of the crown portion of the head
T p minimum required thickness of head after

forming

(c) Hemispherical Heads. The required thickness of a
hemispherical head having pressure on the convex side
shall be determined in the same manner as outlined in
TD-400.3 for determining the thickness for a spherical
shell.

(d) Ellipsoidal Heads. The required thickness of an
ellipsoidal head having pressure on the convex side,
either seamless or of built-up construction with butt
joints, shall be not less than that determined by the
following procedure.
Step 1. Assume a value for t and calculate the value

of factor A using the following equation:

A p
0.125
Ro/t

Step 2. Using the value of A calculated in Step 1, fol-
low the same procedure as that given for
spherical shells in TD-400.3, Steps 2 through 6.

(e) Torispherical Heads. The required thickness of a tori-
spherical head having pressure on the convex side, either
seamless or of built-up construction with butt joints,
shall be not less than that determined by the same design
procedure as is used for ellipsoidal heads given in
TD-430(d), using the appropriate value for Ro.
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Article TD-5
Unstayed Flat Heads and Covers

TD-500 DESIGN OF UNSTAYED FLAT HEADS AND
COVERS

(a) The minimum thickness of unstayed flat heads,
cover plates, and blind flanges shall conform to the
requirements given in this paragraph. These require-
ments apply to both circular and noncircular heads and
covers. Special consideration shall be given to the design
of shells, nozzle necks, or flanges to which noncircular
heads or covers are attached. Some acceptable types of
flat heads and covers are shown in Fig. TD-500. In this
figure, the dimensions of the component parts and the
dimensions of the welds are exclusive of extra metal
required for corrosion allowance.

(b) The symbols used in this paragraph and in
Fig. TD-500 are defined as follows:

C p a factor depending upon the method of attach-
ment of head, shell dimensions, and other items
as listed in TD-500(d), dimensionless. The fac-
tors for welded covers also include a factor of
0.667 that effectively increases the allowable
stress for such constructions to 1.5S

D p long span of noncircular heads or covers mea-
sured perpendicular to short span

d p diameter, or short span, measured as indicated
in Fig. TD-500

E p joint efficiency, from Table TW-130.4, of any
Category A weld as defined in TW-130.3

hG p gasket moment arm, equal to the radial distance
from the centerline of the bolts to the line of
the gasket reaction, as shown in Table 2-5.2 of
Section VIII, Div. 1

L p perimeter of noncircular bolted head measured
along the centers of the bolt holes

M p the ratio tr/ts, dimensionless
P p internal design pressure (see TD-150)
r p inside comer radius on a head formed by flang-

ing or forging
S p maximum allowable stress value in tension, psi,

from applicable table of stress values referenced
by TD-210

t p minimum required design thickness of flat head
or cover

tf p nominal thickness of the flange on a forged
head, at the large end, as indicated in
Fig. TD-500, sketch (b)

th p nominal thickness of flat head or cover
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tr p required thickness of seamless shell, for
pressure

ts p nominal thickness of shell
tw p thickness through the weld joining the edge of

a head to the inside of a vessel, as indicated in
Fig. TD-500, sketch (g)

t1 p throat dimension of the closure weld, as indi-
cated in Fig. TD-500, sketch (r)

W p total bolt load, given for circular heads for eqs.
(3) and (4), 2–5(e) of Section VIII, Div. 1.

Y p length of flange of flanged heads, measured
from the tangent line of knuckle, as indicated
in Fig. TD-500, sketches (a) and (c)

Z p a factor of noncircular heads and covers that
depends on the ratio of short span to long span,
as given in TD-500(c), dimensionless

(c) The thickness of flat unstayed heads, covers, and
blind flanges shall conform to one of the following three
requirements. These equations provide adequate design
margins against structural failure. However, no limit has
been provided for deflection and rotation. If leakage at
a threaded or gasketed joint is of concern, the thickness
may have to be increased to provide adequate rotational
stiffness.

(1) Circular blind flanges conforming to any of the
flange standards listed in Table TG-130 and further lim-
ited in TD-100.5 shall be acceptable for the diameters and
pressure-temperature ratings in the respective standard
when the blind flange is of the types shown in
Fig. TD-500, sketches (j) and (k).

(2) The minimum required thickness of flat
unstayed circular heads, covers, and blind flanges shall
be calculated by the following equation:

t p d�CP/SE (1)

except when the head, cover, or blind flange is attached
by bolts causing an edge moment [sketches (j) and (k)],
in which case the thickness shall be calculated by

t p �CP
SE

+
1.9WHG

SEd3
(2)

When using eq. (2), the thickness t shall be calculated
for both operating conditions and gasket seating, and
the greater of the two values shall be used. For operating
conditions, the value of P shall be the design pressure,
and the values of S at the design temperature and W
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Fig. TD-500 Some Acceptable Types of Unstayed Flat Heads and Covers
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C = 0.10

(a)

C = 0.13

(d)

C = 0.33m
C min. = 0.20
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C = 0.3
[Use Eq. (2) or (5)]

(j)

C = 0.3
[Use Eq. (2) or (5)]
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C = 0.33m
C min. = 0.20

(b-2)

Continuation
  of shell 
  optional

Sketches (e), (f), and (g) circular covers, C = 0.33m, Cmin. = 0.20

See Fig. TW-130.5-2 sketches (a) to (g),
  inclusive, for details of welded joint
  ts not less than 1.25tr

See Fig. TW-130.5-2 sketches (a) to (g),
  inclusive, for details of outside 
  welded joint

Threaded ring

30 deg min.
45 deg max.

Seal weld

When pipe threads are 
   used, see Table TD-670

0.8ts min.
3/4t min.

ormin. t1 = t or ts
  whichever 
  is greater

Retaining
  ring

rmin. = 10 mm (0.375 in.)
  for ts    38 mm (11/2 in.)
  rmin. = 0.25ts for
  ts     38 mm (11/2 in.)
  but need not be greater
  than 3/4 19 mm (in.)

C = 0.17

(b-1)
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tt ddd
d

d d d

hG

d

Projection
  beyond weld
  is optional

Bevel is optional

45 deg max.

tw = 2tr min. nor less than 1.2ts
  but need not be greater than t

tf min. = 2ts

0.7ts
0.7ts0.7ts
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GENERAL NOTE: The above sketches are diagrammatic only. Other designs that meet the requirements of TD-500 are acceptable.
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from eq. (3) of 2-5(e) of Section VIII, Div. 1 shall be used.
For gasket seating, P equals zero, and the values of S
at atmospheric temperature and W from eq. (4) of 2-5(e)
of Section VIII, Div. 1 shall be used.

(3) Flat unstayed heads, covers, or blind flanges
may be square, rectangular, elliptical, obround, segmen-
tal, or otherwise noncircular. Their required thickness
shall be calculated by the following equation:

t p d�ZCP/SE (3)

where

Z p 3.4 −
2.4d

D
(4)

with the limitation that Z need not be greater than 2.5.
Equation (3) does not apply to noncircular heads, cov-

ers, or blind flanges attached by bolts causing a bolt edge
moment [sketches (j) and (k)]. For noncircular heads of
this type, the required thickness shall be calculated by
the following equation:

t p d�ZCP
SE

+
6Whg

SELd2
(5)

When using eq. (5), the thickness t shall be calculated
in the same way as specified above for eq. (2).

(d) For the types of construction shown in
Fig. TD-500, the minimum values of C to be used in
eqs. (1), (2), (3), and (5) are:

(1) Sketch (a)
(a) C p 0.17 for flanged circular and noncircular

heads forged integral with or butt welded to the vessel
with an inside corner radius not less than three times
the required head thickness, with no special requirement
with regard to length of flange, and where the welding
meets all the requirements for circumferential joints
given in Part TW.

(b) C p 0.10 for circular heads, when the flange
length for heads of the above design is not less than

Y p �1.1 − 0.8
t2
s

t2
h
� �dth (6)

(c) C p 0.10 for circular heads, when the flange
length Y is less than the requirements in eq. (6) but the
shell thickness is not less than

ts p 1.12th�1.1 − Y/�dth (7)

for a length of at least 2�dts.
When C p 0. 10 is used, the taper shall be at least 1:3.

(2) Sketch (b-1). C p 0.17 for forged circular and
noncircular heads integral with or butt-welded to the
vessel, where the flange thickness is not less than two
times the shell thickness, the corner radius on the inside
is not less than three times the flange thickness, and the
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welding meets all the requirements for circumferential
joints given in Part TW.

(3) Sketch (b-2). C p 0.33m but not less than 0.20
for forged circular and noncircular heads integral with
or butt-welded to the vessel, where the flange thickness
is not less than the shell thickness, the corner radius on
the inside is not less than the following:

(a) rmin p 10 mm (0.375 in.) for ts ≤ 38 mm (11⁄2 in.)
(b) rmin p 0.25t, for ts > 38 mm (11⁄2 in.) but need

not be greater than 19 mm (3⁄4 in.)
The welding shall meet all the requirements for cir-

cumferential joints given in Part TW.
(4) Sketch (c)

(a) C p 0.13 for circular heads lap-welded to the
shell with corner radius not less than 3t and Y not less
than required by eq. (6) and the requirements of
TW-130.5 are met.

(b) C p 0.20 for circular and noncircular lap
welded or brazed construction as above, but with no
special requirement with regard to Y.

(c) C p 0.30 for circular flanged plates screwed
over the end of the vessel, with inside comer radius not
less than 3t, in which the design of the threaded joint
against failure by shear, tension, or compression,
resulting from the end force due to pressure, is based
on a factor of safety of at least 3.5, and the threaded
parts are at least as strong as the threads for standard
piping of the same diameter. Seal welding may be used,
if desired.

(5) Sketch (d). C p 0.13 for integral flat circular
heads when the dimension d does not exceed 610 mm
(24 in.), the ratio of thickness of the head to the dimen-
sion d is not less than 0.05 or greater than 0.25, the head
thickness th is not less than the shell thickness ts, the
inside corner radius is not less than 0.25t, and the con-
struction is obtained by special techniques of upsetting
and spinning the end of the shell, such as employed in
closing header ends.

(6) Sketches (e), (f), and (g)
(a) C p 0.33m but not less than 0.20 for circular

plates, welded to the inside of a vessel, and otherwise
meeting the requirements for the respective types of
welded vessels. If a value of m < 1 is used in calculating t,
the shell thickness ts shall be maintained along a distance
inwardly from the inside face of the head equal to at
least 2�dts. The throat thickness of the fillet welds in
sketches (e) and (f) shall be at least 0.7ts. The size of the
weld tw in sketch (g) shall be not less than two times
the required thickness of a seamless shell nor less than
1.25 times the nominal shell thickness but need not be
greater than the head thickness; the weld shall be depos-
ited in a welding groove with the root of the weld at
the inner face of the head as shown in the sketch.

(b) C p 0.33 for noncircular plates, welded to the
inside of a vessel and otherwise meeting the require-
ments for the respective types of welded vessels. The
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throat thickness of the fillet welds in sketches (e) and
(f) shall be at least 0.7ts. The size of the weld tw in sketch
(g) shall be not less than two times the required thickness
of a seamless shell nor less than 1.25 times the nominal
shell thickness but need not be greater than the head
thickness; the weld shall be deposited in a welding
groove with the root of the weld at the inner face of the
head as shown in the sketch.

(7) Sketch (h). C p 0.33 for circular plates welded
to the end of the shell when ts is at least 1.25tr and the
weld details conform to the requirements of TW-130.5(e)
and Fig. TW-130.5-2, sketches (a) through (g) inclusive.

(8) Sketch (i). C p 0.33m but not less than 0.20 for
circular plates if an inside fillet weld with minimum
throat thickness of 0.7ts is used and the details of the
outside weld conform to the requirements of TW-130.5(e)
and Fig. TW-130.5-2, sketches (a) through (g) inclusive,
in which the inside weld can be considered to contribute
an amount equal to ts to the sum of the dimensions a
and b.

(9) Sketches (j) and (k). C p 0.3 for circular and
noncircular heads and covers bolted to the vessel as
indicated in the figures. Note that eq. (2) or (5) shall be
used because of the extra moment applied to the cover
by the bolting.

When the cover plate is grooved for a peripheral gas-
ket, as shown in sketch (k), the net cover plate thickness
under the groove or between the groove and the outer
edge of the cover plate shall be not less than

d�1.9WhG/Sd3

for circular heads and covers, and not less than

d�6WhG/SLd2

for noncircular heads and covers.
(10) Sketches (m), (n), and (o). C p 0.3 for a circular

plate inserted into the end of a vessel and held in place
by a positive mechanical locking arrangement, and
when all possible means of failure (either by shear, ten-
sion, compression, or radial deformation, including flar-
ing, resulting from pressure and differential thermal
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expansion) are resisted with a design margin of at least
3.5. Seal welding may be used, if desired.

(11) Sketch (p). C p 0.25 for circular and noncircular
covers bolted with a full-face gasket, to shells, flanges,
or side plates.

(12) Sketch (q). C p 0.75 for circular plates screwed
into the end of a vessel having an inside diameter d not
exceeding 305 mm (12 in.); or for heads having an inte-
gral flange screwed over the end of a vessel having an
inside diameter d not exceeding 305 mm (12 in.); and
when the design of the threaded joint, against failure
by shear, tension, compression, or radial deformation,
including flaring, resulting from pressure and differen-
tial thermal expansion, is based on a factor of safety
of at least 3.5. If a tapered pipe thread is used, the
requirements of Table TD-670 shall also be met. Seal
welding may be used, if desired.

(13) Sketch (r). C p 0.33 for circular plates having
a dimension d not exceeding 457 mm (18 in.) inserted
into the vessel as shown and otherwise meeting the
requirements for the respective types of welded vessels.
The end of the vessel shall be crimped over at least 30
deg, but not more than 45 deg. The crimping may be
done cold only when this operation will not injure the
metal. The throat of the weld shall be not less than the
thickness of the flat head or shell, whichever is greater.

(14) Sketch (s). C p 0.33 for circular beveled plates
having a diameter d not exceeding 457 mm (18 in.),
inserted into a vessel, the end of which is crimped over
at least 30 deg, but not more than 45 deg, and when the
undercutting for seating leaves at least 80% of the shell
thickness. The beveling shall be not less than 75% of the
head thickness. The crimping shall be done when the
entire circumference of the cylinder is uniformly heated
to the proper forging temperature for the material used.
For this construction, the ratio ts/d shall be not less than
the ratio P/S nor less than 0.05. The maximum allowable
pressure for this construction shall not exceed P p S/5d.

This construction is not permissible if machined from
rolled plate.
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Article TD-6
Openings and Reinforcements

TD-600 OPENINGS IN TRANSPORT TANKS

TD-600.1 Shape of Openings

(a) Openings in cylindrical or conical portions of ves-
sels, or in formed heads, shall preferably be circular,
elliptical, or obround. (The opening made by a pipe or
circular nozzle, the axis of which is not perpendicular
to the vessel wall or head, may be considered an elliptical
opening for design purposes.) An obround opening is
one that is formed by two parallel sides and semicircu-
lar ends.

When the long dimension of an elliptical or obround
opening exceeds twice the short dimension, the rein-
forcement across the short dimension shall be increased
as necessary to provide against excessive distortion due
to twisting moment.

(b) For openings of other shapes than those given in
TD-600.1(a), all corners shall be provided with a suitable
radius. When the openings are of such proportions that
their strength cannot be computed with assurance of
accuracy, or when doubt exists as to the safety of a vessel
with such openings, the part of the vessel affected shall
be subjected to a proof hydrostatic test as prescribed in
TT-210.

TD-600.2 Size of Openings

(a) Properly reinforced openings in cylindrical or con-
ical shells are not limited as to size, except with the
following provisions for design. The rules of TD-600.2
through TD-610.6 apply to all openings, unless
exempted by other rules of this Section. For openings
having a diameter exceeding the following, the supple-
mental rules of TD-610.7 shall also be satisfied:

(1) for vessels 1 520 mm (60 in.) inside diameter
and less, one-half the vessel diameter, or 508 mm (20 in.)

(2) for vessels over 1 520 mm (60 in.) inside diame-
ter, one-third the vessel diameter, or 1 000 mm (40 in.)

(b) Properly reinforced openings in spherical shells
and formed heads are not limited in size.

TD-600.3 Strength and Design of Finished Openings

(a) All references to dimensions in this and suc-
ceeding paragraphs apply to the finished construction
after deduction has been made for material added as
corrosion allowance. For design purposes, corrosion
allowance shall not be considered as reinforcement. The
finished opening diameter is the diameter d as defined
in TD-610.1 and in Fig. TD-610.3-2.
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(b) Openings in cylindrical or conical shells, or
formed heads shall be reinforced to satisfy the require-
ments in TD-610.3, except as given in TD-600.3(c).

Openings in flat heads shall be reinforced as required
by TD-630.

(c) Openings in vessels not subject to rapid fluctua-
tions in pressure do not require reinforcement other than
that inherent in the construction under the following
conditions:

(1) welded connections and flued openings
attached in accordance with the applicable rules and
with a finished opening not larger than:

(a) 89 mm (31⁄2 in.) diameter, in vessel shells or
heads having a required minimum design thickness of
10 mm (3⁄8 in.) or less

(b) 60 mm (23⁄8 in.) diameter, in vessel shells or
heads having a required minimum design thickness of
over 10 mm (3⁄8 in.)

(2) threaded, studded, or expanded connections in
which the hole cut in the shell or head is not greater
than 60 mm (23⁄8 in.)

(3) no two isolated unreinforced openings, in accor-
dance with TD-600.2(a)(1) or (2), shall have their centers
closer to each other than the sum of their diameters

(4) no two unreinforced openings, in a cluster of
three or more unreinforced openings in accordance with
TD-600.2(a)(1) or (2), shall have their centers closer to
each other than the following:

(a) for cylindrical or conical shells

(1 + 1.5 cos �) (d1 + d2)

(b) for doubly curved shells and formed or flat
heads

2.5(d1 + d2)

where
d1, d2 p the finished diameters of the two adjacent

openings
� p the angle between the line connecting the cen-

ter of the openings and the longitudinal axis
of the shell

TD-600.4 Openings Through Welded Joints

Additional provisions governing openings in or adja-
cent to welded joints are given in TW-140.1.
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TD-600.5 Openings in Noncircular Vessels

Openings in noncircular vessels are not covered by
these rules, except for formed heads. See TG-100.2(c).

TD-610 REINFORCEMENT REQUIRED FOR
OPENINGS IN SHELLS AND FORMED
HEADS

TD-610.1 Nomenclature

The symbols used in this paragraph are defined as
follows (see Fig. 610.3-2):

A p total cross-sectional area of reinforcement
required in the plane under consideration

A1 p area in excess thickness in the vessel wall
available for reinforcement

A2 p area in excess thickness in the nozzle wall
available for reinforcement

A3 p area available for reinforcement when the
nozzle extends inside the vessel wall

A5 p cross-sectional area of material added as
reinforcement

A41, A42,
A43 p cross-sectional area of various welds

available for reinforcement
c p corrosion allowance
d p finished diameter of circular opening or

finished dimension (chord length at mid-
surface of thickness excluding excess
thickness available for reinforcement) of
nonradial opening in the plane under con-
sideration (see Fig. TD-640)

D p inside shell diameter
Dp p outside diameter of reinforcing element

(actual size of reinforcing element may
exceed the limits of reinforcement estab-
lished by TD-640; however, credit cannot
be taken for any material outside these
limits)

E p 1 (see definitions for tr and trn)
E1 p 1 when the opening is in the solid plate

or in the Category B butt joint, or
p joint efficiency obtained from

Table TW-130.4, when any part of the
opening passes through any other
welded joint

F p correction factor that compensates for the
variation in pressure stresses on different
planes with respect to the longitudinal
axis of a vessel. Fp1.0 for formed or flat
heads (see Fig. TD-610.3-1).

fr p strength reduction factor, not greater than
1.0 [see TD-650(a)]

fr1 p Sn/Sv for nozzle wall inserted through the
vessel wall
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Table TD-610.1 Values of Spherical Radius
Factor, K1

D/2h . . . 3.0 2.8 2.6 2.4 2.2
K1 . . . 1.36 1.27 1.18 1.08 0.99

D/2h 2.0 1.8 1.6 1.4 1.2 1.0
K1 0.90 0.81 0.73 0.65 0.57 0.50

GENERAL NOTE: Equivalent spherical radius p K1D; D/ 2h p axis
ratio. For definitions, see TD-610.1. Interpolation permitted for inter-
mediate values.

p 1.0 for nozzle wall abutting the vessel wall
and for nozzles shown in Fig. TD-640,
sketches (j), (k), (n), and (o).

fr2 p Sn/Sv
fr3 p (lesser of Sn or Sp)/Sv
fr4 p Sp/Sv
h p distance nozzle projects inward from the

inner surface of the vessel wall. (Extension
of the nozzle beyond the inside surface of
the vessel wall is not limited; however,
for reinforcement calculations, credit shall
not be taken from material outside the
limits of reinforcement established by
TD-640.)

K1 p spherical radius factor (see definition of
tr and Table TD-610.1)

L p length of projection defining the thick-
ened portion of integral reinforcement of
a nozzle neck beyond the outside surface
of the vessel wall [see Fig. TD-640,
sketch (e)]

P p internal design pressure (see TD-150)
R p inside radius of the shell course under

consideration
Rn p inside radius of the nozzle under

consideration
S p allowable stress value in tension (see

TD-210)
Sn p allowable stress in nozzle (see S above)
Sp p allowable stress in reinforcing element

(see S above)
Sv p allowable stress in vessel (see S above)

t p nominal thickness of the vessel wall
te p thickness or height of reinforcing element,

(see Fig. TD-640)
ti p nominal thickness of internal projection

of nozzle wall
tn p nominal thickness of external projection

of nozzle wall
tr p required thickness of a seamless shell

based on the circumferential stress, or of
a formed head, computed by the rules of
this Section for the designated pressure,
using E p 1, except that:
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(a) when the opening and its reinforce-
ment are entirely within the spherical por-
tion of a torispherical head, tr is the
thickness required by TD-300.3, using
M p 1

(b) when the opening is in a cone, tr is
the thickness required for a seamless cone
of diameter D measured where the nozzle
axis pierces the inside wall of the cone

(c) when the opening and its reinforce-
ment are in an ellipsoidal head and are
located entirely within a circle, the center
of which coincides with the center of the
head and the diameter of which is equal
to 80% of the shell diameter, tr is the thick-
ness required for a seamless sphere of
radius K1D, where D is the shell diameter
and K1 is given by Table TD-610.1

trn p required thickness of a seamless nozzle
wall

W p total load to be carried by attachment
welds, lb (see TD-650)

TD-610.2 General

The rules in this paragraph apply to all openings
other than:

(a) small openings covered by TD-600.3(c)

(b) openings in flat heads covered by TD-630
Reinforcement shall be provided in amount and distri-

bution such that the area requirements for reinforcement
are satisfied for all planes through the center of the
opening and normal to the vessel surface. For a circular
opening in a cylindrical shell, the plane containing the
axis of the shell is the plane of greatest loading due to
pressure. Not less than half the required reinforcement
shall be on each side of the centerline of single openings.

TD-610.3 Design for Internal Pressure

The total cross-sectional area of reinforcement, A,
required in any given plane through the opening for a
shell or formed head under internal pressure shall be
not less than

A p dtrF + 2tntrF (1 − fr1)

See Fig. TD-610.3-1 and Fig. TD-610.3-2. Where longi-
tudinal tensile bending stresses occur at reinforcements,
use F p 1.0.
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Fig. TD-610.3-1 Chart for Determining Value of F, as
Required in TD-610.3

GENERAL NOTE: F p3⁄4 + 1⁄4 cos (2�).

TD-610.4 Design for External Pressure

(a) The reinforcement required for openings in single-
walled vessels subject to external pressure need be only
50% of that required in TD-610.3, where tr is the wall
thickness required by the rules for vessels under external
pressure. The value of F shall be 1.0 in all external pres-
sure calculations.

(b) The reinforcement required for openings in each
shell of a multiple-walled vessel shall comply with
TD-610.4(a) when the shell is subject to external pres-
sure, and with TD-610.3 when the shell is subject to
internal pressure, regardless of whether or not there is
a common nozzle secured to more than one shell by
strength welds.

TD-610.5 Design for Both Internal and External
Pressure

Reinforcement of vessels subject to both internal and
external pressures shall meet the requirements of
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Fig. TD-610.3-2 Nomenclature and Formulas for Reinforced Openings

GENERAL NOTE: This figure illustrates a common nozzle configuration and is not intended to prohibit other configurations permitted by the Code.
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TD-610.3 for internal pressure and TD-610.4 for external
pressure.

TD-610.6 Area Replacement

Details and formulas for required area and available
area are given in Fig. TD-610.3-2.

TD-610.7 Large Openings in Shells

(a) Openings exceeding the dimensional limits given
in TD-600.2(a)(1) shall be provided with reinforcement
that complies with the following rules. Two-thirds of
the required reinforcement shall be within the following
limits:

(1) parallel to vessel wall: the larger of three-fourths
times the limit in TD-640, or equal to the limit in
TD-640(b)(2)

(2) normal to the vessel wall the smaller of the limit
in TD-640(c)(1), or in TD-640(c)(2)

(b) Openings for radial nozzles in cylindrical shells
that exceed the limits in TD-600.2 and that also are within
the range defined by the following limits shall meet the
requirements of TD-610.7(c), (d), and (e):

(1) vessel diameters greater than 1 500 mm (60 in.)
in diameter

(2) nozzle diameters that exceed 1 000 mm (40 in.)
in diameter and also exceed 3.4�Rt (The terms R and t
are defined in Fig. TD-610.7.)

(3) the ratio Rn/R does not exceed 0.7 [For nozzle
openings with Rn/R exceeding 0.7, refer to TD-610.7(c)
and/or TG-100.2(c).]

These rules are limited to radial nozzles in cylindrical
shells that do not have internal projections, and do not
have externally applied mechanical loads specified. For
cases that do not meet these limitations, a recognized
analytical method shall be used. See TG-100.2(c).

(c) The membrane stress, Sm, as calculated by eq. (1)
or (2) shall not exceed S, as defined in TD-610.1 for the
applicable materials at design conditions. The maximum
combined membrane stress, Sm, and bending stress, Sb,
shall not exceed 1.5S at design conditions. Sb shall be
calculated by eq. (5).

(d) Evaluation of combined stresses from internal
pressure and external loads shall be made in accordance
with recognized good engineering practice for such
cases, such as the WRC-107/297 bulletins.

(e) For membrane stress calculations, use the limits
defined in Fig. TD-610.7, and comply with the strength
of reinforcement requirements of TD-650. For bending
stress calculation, the greater of the limits defined in
Fig. TD-610.7 may be used. The strength reduction ratio
requirements of TD-650 need not be applied, provided
that the ratio of the allowable stress of the material in
the nozzle neck, nozzle forging, reinforcing plate, and/
or nozzle flange to the shell material allowable stress is
at least 0.80.
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NOTE: The bending stress, Sb, calculated by eq. (5) is valid and
applicable only at the nozzle neck-shell junction. It is a primary
bending stress because it is a measure of the stiffness required to
maintain equilibrium at the longitudinal axis junction of the nozzle-
shell intersection due to the bending moment calculated by eq. (3).

(1) Case A [see Fig. TD-610.7, sketches (a) and (c)]

Sm p P �R�Rn + tn + �Rmt� + Rn�t + te +�Rnmtn�
As � (1)

(2) Case B [see Fig. TD-610.7, sketches (b) and (d)]

Sm p P �R�Rn + tn + �Rmt� + Rn�t + te +�Rnmtn�
As � (2)

(3) Cases A and B (see Fig. TD-610.7)

M p �R
3
n

6
+ RRne�P (3)

a p e + t/2 (4)

Sb p
Ma

I
(5)

(f) Nomenclature. Symbols used in Fig. TD-610.7 are
as defined in TD-610.7(a) and as follows:

a p distance between neutral axis of the shaded
area in Fig. TD-610.7 and the inside of ves-
sel wall

As p shaded (cross-hatched) area in Fig. TD-610.7,
sketch (a) or (b)

e p distance between neutral axis of the shaded
area and midwall of the shell

I p moment of inertia of the larger of the shaded
areas in Fig. TD-610.7 and the inside of ves-
sel wall

Rm p mean radius of shell
Rnm p mean radius of nozzle neck

Sb p bending stress at the intersection of inside of
the nozzle neck and inside of the vessel shell
along the vessel shell longitudinal axis

Sm p membrane stress calculated by eq. (1) or (2)
Sy p yield strength of the material at test tempera-

ture, see Table Y-1 in Subpart 1 of Section II,
Part D

(g) It is recommended that special consideration be
given to the fabrication details used and inspection
employed on large openings; reinforcement often may
be advantageously obtained by use of heavier shell plate
for a vessel course or inserted locally around the open-
ing; welds may be ground to concave contour and the
inside corners of the opening rounded to a generous
radius to reduce stress concentrations. When radio-
graphic examination of welds is not practicable, liquid
penetrant may be used with nonmagnetic materials and
either liquid penetrant or magnetic particle inspection
with ferromagnetic materials. If magnetic particle
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Fig. TD-610.7 Openings for Radial Nozzles in Cylindrical Shells

GENERAL NOTE: When any part of a flange is located within the greater of the �Rnmtn + te or 16tn + te limit as indicated in Fig. TD-610.7
sketch (a) or (c), or the greater of �Rnmtn or 16tn for Fig. TD-610.7 sketch (b) or (d), the flange may be included as part of the section that
resists bending moment.
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Fig. TD-620 Minimum Depth for Flange of Flued in
Openings

Minimum depth of flange: the 

  smaller of 3tr or tr  +  75 mm (3 in.)

  when d exceeds 150 mm (6 in.)

d

inspection is employed, the prod method is preferred.
The degree to which such measures should be used
depends on the particular application and the severity
of the intended service. Appropriate proof testing may
be advisable in extreme cases of large openings
approaching full vessel diameter, openings of unusual
shape, etc.

TD-610.8 Special Requirements

For additional requirements applicable to specific cat-
egories of tanks, see the applicable Modal Appendices.

TD-620 FLUED OPENINGS IN SHELLS AND
FORMED HEADS

(a) Flued openings in shells and formed heads made
by inward or outward forming of the head plate shall
meet the requirements for reinforcement in TD-610. The
thickness of the flued flange shall also meet the require-
ments of Article TD-3 and/or Article TD-4 as applicable,
where L as used in Article TD-4 is the minimum depth
of flange as shown in Fig. TD-620. The minimum thick-
ness of the flued flange on a vessel subject to both inter-
nal and external pressure shall be the larger of the two
thicknesses as determined above.

(b) The minimum depth of flange of a flued in open-
ing exceeding 152 mm (6 in.) in any inside dimension,
when not stayed by an attached pipe or flue, shall equal
3tr or [tr + 75 mm (3 in.)], whichever is less, where tr is
the required shell or head thickness. The depth of flange
shall be determined by placing a straight edge across
the side opposite the flued opening along the major axis
and measuring from the straight edge to the edge of the
flanged opening (see Fig. TD-620).

(c) There is no minimum depth of flange requirement
for flued out openings.
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(d) The minimum width of bearing surface for a gas-
ket on a self-sealing flued opening shall be in accordance
with TD-690(f).

TD-630 REINFORCEMENT REQUIRED FOR
OPENINGS IN FLAT HEADS

(a) General. The rules in this paragraph apply to all
openings in flat heads, except opening(s) that do not
exceed the size and spacing limits in TD-600.3(c)(3) and
do not exceed one-fourth the head diameter or short-
est span.

(b) Single and multiple openings in flat heads that
have diameters equal to or less than one-half the head
diameter may be reinforced as follows:

(1) Flat heads that have a single opening with a
diameter that does not exceed one-half the head diame-
ter or shortest span, as defined in Article TD-5, shall
have a total cross-sectional area of reinforcement for all
planes through the center of the opening not less than
that given by the formula

A p 0.5dt + ttn(1 − fr1)

where d, tn, and fr1 are defined in Article TD-5.
(2) Multiple openings none of which have diame-

ters exceeding one-half the head diameter and no pair
having an average diameter greater than one-quarter
the head diameter may be reinforced individually as
required by TD-630(b)(1) when the spacing between any
pair of adjacent openings is equal to or greater than
twice the average diameter of the pair.

When spacing between adjacent openings is less than
twice but equal to or more than 11⁄4 the average diameter
of the pair, the required reinforcement for each opening
in the pair, as determined by TD-630(b)(1), shall be
summed together and then distributed such that 50%
of the sum is located between the two openings. Spac-
ings of less than 11⁄4 the average diameter of adjacent
openings shall be treated by rules of TG-100.2(c).

(c) As an alternative to TD-630(b)(l), the thickness
of flat heads and covers with a single opening with a
diameter that does not exceed one-half the head diame-
ter may be increased to provide the necessary reinforce-
ment as follows:

(1) In eq. (1) or (3) of TD-500(c), use 2C or 0.75 in
place of C, whichever is the lesser; except that, for
sketches (b-1), (b-2), (e), (f), (g), and (i) of Fig. TD-500,
use 2C or 0.50, whichever is the lesser.

(2) In eq. (2) or (5) of TD-500(c), double the quantity
under the square root sign.

(d) Multiple openings none of which have diameters
exceeding one-half the head diameter and no pair having
an average diameter greater than one-quarter the head
diameter may be reinforced as follows:

(1) When the spacing between a pair of adjacent
openings is equal to or greater than twice the average
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diameter of the pair, and this is so for all opening pairs,
the head thickness may be determined by rules in
TD-630(c).

(2) When the spacing between adjacent openings
in a pair is less than twice but equal to or greater than
11⁄4 the average diameter of the pair, the required head
thickness shall be that determined by TD-630(c)
multiplied by factor h, where

h p �0.5/e

e p [(p − davg)/p]smallest

where
davg p average diameter of the same two adjacent

openings
e p smallest ligament efficiency of adjacent open-

ing pairs in the head
p p center-to-center spacing of two adjacent

openings

(3) Spacings of less than 11⁄4 times the average diam-
eter of adjacent openings shall be treated by rules of
TG-100.2(c).

(4) In no case shall the width of ligament between
two adjacent openings be less than one-quarter the
diameter of the smaller of the two openings in the pair.

(5) The width of ligament between the edge of any
one opening and the edge of the flat head shall not be
less than one-quarter the diameter of that one opening.

TD-640 LIMITS OF REINFORCEMENT

(a) The boundaries of the cross-sectional area in any
plane normal to the vessel wall and passing through the
center of the opening within which metal must be
located in order to have value as reinforcement are desig-
nated as the limits of reinforcement for that plane (see
Fig. TD-610.3-2). Figure TD-640 depicts thicknesses t, te,
and tn, or ti and diameter d used in establishing the
limits of reinforcement.

(b) The limits of reinforcement, measured parallel to
the vessel wall, shall be at a distance, on each side of the
axis of the opening, equal to the greater of the following:

(1) the diameter d of the finished opening in the
corroded condition

(2) the radius Rn of the finished opening in the
corroded condition plus the nominal thickness of the
vessel wall t, plus the nominal thickness of the nozzle
wall tn

(c) The limits of reinforcement, measured normal to
the vessel wall, shall conform to the contour of the sur-
face at a distance from each surface equal to the smaller
of the following:

(1) 21⁄2 times the nominal thickness of the vessel
wall less corrosion allowance
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(2) 21⁄2 times the nominal nozzle wall thickness less
corrosion allowance, plus the thickness te as defined in
Fig. TD-640.

(d) Metal within the limits of reinforcement that may
be considered to have reinforcing value shall include
the following:

(1) metal in the vessel wall over and above the
thickness required to resist pressure and the thickness
specified as corrosion allowance, the area in the vessel
wall available as reinforcement is the larger of the values
of A1 given by the equations in Fig. TD-610.3-2.

(2) metal over and above the thickness required to
resist pressure and the thickness specified as corrosion
allowance in that part of a nozzle wall extending outside
the vessel wall. The maximum area in the nozzle wall
available as reinforcement is the smaller of the values
of A2 given by the equations in Fig. TD-610.3-2.

All metal in the nozzle wall extending inside the vessel
wall A3 may be included after proper deduction for
corrosion allowance on the entire exposed surface is
made. No allowance shall be taken for the fact that a
differential pressure on an inwardly extending nozzle
may cause opposing stress to that of the stress in the
shell around the opening:

(3) metal in attachment welds A4 and metal added
as reinforcement A5.

(e) With the exception of studding outlet-type flanges,
bolted flange material within the limits of reinforcement
shall not be considered to have reinforcing value.

TD-650 STRENGTH OF REINFORCEMENT

(a) Material used for reinforcement shall have an
allowable stress value equal to or greater than that of
the material in the vessel wall, except that when such
material is not available, lower strength material may
be used, provided the area of reinforcement is increased
in inverse proportion to the ratio of the allowable stress
values of the two materials to compensate for the lower
allowable stress value of the reinforcement. No credit
may be taken for the additional strength of any reinforce-
ment having a higher allowable stress value than that
of the vessel wall. Deposited weld metal outside of either
the vessel wall or any reinforcing pad used as reinforce-
ment shall be credited with an allowable stress value
equivalent to the weaker of the materials connected by
the weld. Vessel-to-nozzle or pad-to-nozzle attachment
weld metal within the vessel wall or within the pad may
be credited with a stress value equal to that of the vessel
wall or pad, respectively.

(b) The welds that attach elements of compensation,
not an integral part of the vessel wall, shall have a
strength, W, equal to the load carried by those elements
defined as follows:

W p (A − A1)Sv

where A, A1, and Sv are defined in Fig. TD-610.3-2.
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Fig. TD-640 Some Representative Configurations Describing the Reinforcement Dimension, te, and the
Opening Dimension, d
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Fig. TD-640 Some Representative Configurations Describing the Reinforcement Dimension, te, and the
Opening Dimension, d (Cont’d)

t

L

d

30 deg

30 deg

GENERAL NOTE [sketches (e), (e-1), and (e-2)]:
If L     2.5tx, use sketch (e-1)
If L     2.5tx, use sketch (e-2)

30 deg

(k) (l) (m)

(n) (o)

(i)(h)

(g)

(f)

(e-2)(e-1)(e)

(j)
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(c) When a reinforcing pad is required by the rules
of TD-610.3, the welds attaching the nozzle to the pad
and shell shall be checked independently to assure that
the loads carried by the individual elements can be trans-
mitted by the attaching welds.

(d) Welds attaching elements of reinforcement need
not satisfy the weld strength requirements of TD-650(b)
and (c) under the following circumstances:

(1) openings that are exempt in TD-600.2 from rein-
forcement calculations

(2) openings with elements of compensation
attached by full-penetration welds as listed in
TW-140.2(c)

(e) The minimum required weld sizes shall not be
smaller than the minimum required by TW-140.2.

(f) Nozzles, other connections, and their reinforce-
ments may be attached to transport tanks by arc or gas
welding. Sufficient welding shall be provided on either
side of the line through the center of the opening parallel
to the longitudinal axis of the shell to develop the
required strength of the reinforcing parts as prescribed
in TD-650 through each load carrying path, in shear or
tension, whichever is applicable. See Table TD-650 for
example calculations.

(1) The stress correction factors in TD-650(g) shall
apply.

(2) The strength of fillet welds shall be based on
one-half the area subjected to shear, computed on the
mean diameter of the weld using the weld leg dimension
in the direction under consideration.

(3) The strength of groove welds shall be based
on one-half the area subjected to shear or tension, as
applicable, computed using the minimum weld depth
dimension in the direction under consideration.

(4) Strength calculations for nozzle attachment
welds are not required for the following:

(a) Figure TW-140.2-1, sketches (a), (b), (c), (d),
(e), (f-1), (f-2), (f-3), (f-4), (g), (x-1), (y-1), and (z-1)

(b) openings exempt from the reinforcement
requirements by TD-600.3(c)(3)

(g) Stress Values for Weld Metal. The allowable stress
values for groove and fillet welds in percentages of stress
values for the vessel material are as follows:

(1) groove-weld tension, 74%
(2) groove-weld shear, 60%
(3) fillet-weld shear, 49%

NOTE: These values are obtained by combining the following
factors: 87.5% for combined end and side loading, 80% for shear
strength, and the applicable joint efficiency factors.

(h) Reinforcing plates and saddles of nozzles attached
to the outside of a vessel shall be provided with at least
one telltale hole (maximum size 1⁄4 in. pipe tap) that
may be tapped for a preliminary compressed air and
soapsuds test for tightness of welds that seal off the
inside of the vessel. These telltale holes may be left open
or may be plugged, the plugging material shall not be
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capable of sustaining pressure between the reinforcing
plate on the vessel wall.

TD-660 REINFORCEMENT OF MULTIPLE OPENINGS
NOTE: See TD-630 for multiple openings in flat heads.

(a) When any two openings are spaced at less than
two times their average diameter, so that their limits of
reinforcement overlap [see Fig. TD-660, sketch (a)], the
two openings shall be reinforced in the plane connecting
the centers, in accordance with the rules of TD-610,
TD-620, TD-640, and TD-650 with a combined reinforce-
ment that has an area not less than the sum of the areas
required for each opening. No portion of the cross sec-
tion is to be considered as applying to more than one
opening, nor to be considered more than once in a com-
bined area.

(1) The overlap area shall be proportioned between
the two openings by the ratio of their diameters.

(2) If the area of reinforcement between the two
openings is less than 50% of the total required for the
two openings, the supplemental rules of TD-610.7(g)
shall be used.

(3) A series of openings, all on the same centerline,
shall be treated as successive pairs of openings.

(b) When more than two openings are spaced as in
TD-660(a) [see Fig. TD-660, sketch (b)], and are to be
provided with a combined reinforcement, the minimum
distance between centers of any two of these openings
shall be 11⁄3 times their average diameter, and the area
of reinforcement between any two openings shall be at
least equal to 50% of the total required for the two
openings. If the distance between centers of two such
openings is less than 11⁄3 times their average diameter,
no credit for reinforcement shall be taken for any of the
material between these openings. Such openings must
be reinforced as described in TD-660(c).

(c) Alternatively, any number of adjacent openings,
in any arrangement, may be reinforced by using an
assumed opening enclosing all such openings. The limits
for reinforcement of the assumed opening shall be those
given in TD-640(b)(1) and (c)(1). The nozzle walls of the
actual openings shall not be considered to have reinforc-
ing value. When the diameter of the assumed opening
exceeds the limits in TD-600.2, the supplemental rules
of TD-610.7 shall also be used.

(d) When a group of openings is reinforced by a
thicker section butt-welded into the shell or head, the
edges of the inserted section shall be tapered as pre-
scribed in TW-130.2(c).

TD-670 METHODS OF ATTACHMENT OF PIPE AND
NOZZLE NECKS TO VESSEL WALLS

(a) General. Nozzles may be attached to the shell or
head of a vessel by any of the methods of attachment
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Table TD-650 Nozzle Attachment Welds

Required Weld Strength:

W p (A − A1) Sv

Weld Strength:

p (WL1 + WL2 in shear) Sv

p �0.49 �12�WL1 � (d + 2tn + WL1) Sv fr1 +

WL1

WL2

tn

d

0.49 �12�WL2 � (d + 2tn + WL2) Sv fr1� Sv

Required Weld Strength:

W p (A − A1) Sv

Weld Strength:

p (WL1 in shear + t2 in tension) Sv
t2

tn

WL1 d

p �0.49 �12�WL1 � (d + 2tn + WL1) Sv fr1 +

0.74 �12�t 2 � (d + 2tn) Sv fr1� Sv

Required Weld Strength:

W p (A − A1) Sv

Weld Strength:

p (WL2 in shear + t2 in tension) Svt2

tn

WL1

WL2
d

Dp

p �0.49 �12�WL2 � (Dp + WL2) Sv fr3 +

0.74 �12� t2 � (d + 2tn)Sv fr1� Sv

Check Nozzle to Pad and Shell:

W p (A − A1 − A2 − A3) Sv

Weld Strength:

p WL1 in shear + t2 in tension

p 0.49 �12�WL1 � (d + 2tn + WL 1) Sv fr1 +

0.74 �12� t2 � (d + 2tn)Sv fr1
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Fig. TD-660 Examples of Multiple Openings

given in this paragraph, except as limited in TD-610.
(b) Welded Connections. Attachment by welding shall

be in accordance with the requirements of TW-140.1 and
TW-140.2.

(c) Studded Connections. Connections may be made
by means of studs. The vessel shall have a flat surface
machined on the shell, on a built-up pad, or on a prop-
erly attached plate or fitting. Drilled holes to be tapped
shall not penetrate within one-fourth of the wall thick-
ness from the inside surface of the vessel after deducting
corrosion allowance, unless at least the minimum thick-
ness required as above is maintained by adding metal
to the inside surface of the vessel. The tapped holes shall
also conform to the requirements of TD-670(d). Studded
connections shall meet the requirements for reinforce-
ment in TD-600 through TD-660.

(d) Threaded Connections. Pipes, tubes, and other
threaded connections that conform to ASME B1.20.1,
Standard for Pipe Threads, General Purpose, Inch, may
be screwed into a threaded hole in a vessel wall, pro-
vided the pipe engages the minimum number of threads
specified in Table TD-670 after allowance has been made
for curvature of the vessel wall. The thread shall be a
standard taper pipe thread, except that a straight thread
of at least equal strength may be used if other sealing
means to prevent leakage are provided. A built-up pad
or a properly attached plate or fitting may be used to
provide the metal thickness and number of threads
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required in Table TD-670, or to furnish reinforcement
when required.

Threaded connections larger than DN 100 (NPS 4)
shall not be used in vessels that contain liquids having
a flash point below 43°C (110°F), or flammable vapors
or flammable liquids at temperatures above that at
which they boil under atmospheric pressure.

Threaded connections larger than DN 80 (NPS 3) shall
not be used when the maximum allowable working pres-
sure exceeds 861 kPa (125 psi), except that this DN 80
(NPS 3) restriction does not apply to plug closures used
for inspection openings, end closures, or similar
purposes.

TD-680 NOZZLE NECK THICKNESS

(a) The minimum wall thickness of a nozzle neck or
other connection (including access openings and open-
ings for inspection) shall be not less than the thickness
computed by Articles TD-3 and TD-4 for internal or
external pressure loading and TD-200 for external load-
ing plus the thickness added for corrosion allowance on
the connection.

(b) Additionally, the minimum thickness of a nozzle
neck or other connection (except for access openings
and openings for inspection only) shall be not less than
the smaller of the nominal thickness of the shell or head



2010 SECTION XII

Table TD-670 Minimum Number of Pipe Threads for Connections

Size of pipe connec- 15 & 20 25, 32 & 40 50 65 & 80 100–150 200 250 300
tion, DN (NPS) (1⁄2 & 3⁄4) (1, 11⁄4 & 11⁄2) (2) (21⁄2 & 3) (4–6) (8) (10) (12)

Threads engaged 6 7 8 8 10 12 13 14

Minimum plate 11.0 15.5 17.8 25.4 31.8 38.1 41.2 44.5
thickness (0.43) (0.61) (0.70) (1.0) (1.25) (1.5) (1.62) (1.75)
required, mm
(in.)

Table TD-680 Nozzle Neck Thickness

Nozzle Nominal Pipe Size, Minimum Thickness,
DN (NPS) mm (in.)

15 (1⁄2) 2.4 (0.095)
20 (3⁄4) 2.5 (0.099)
25 (1) 3.0 (0.116)
32 (11⁄4) 3.2 (0.123)
40 (11⁄5) 3.2 (0.123)

50 (2) 3.4 (0.135)
65 (21⁄2) 4.6 (0.178)
80 (3) 4.8 (0.189)

100 (4) 5.3 (0.207)
125 (5) 5.8 (0.226)

150 (6) 6.2 (0.245)
200 (8) 7.2 (0.282)
250 (10) 8.1 (0.319)
300 (12) 8.3 (0.328)

350 (14) 8.3 (0.328)
400 (16) 8.3 (0.328)
450 (18) 8.3 (0.328)
500 (20) 8.3 (0.328)
600 (24) 8.3 (0.328)

to which it is attached or the value specified in
Table TD-680.

For nozzles larger than the largest pipe size included
in Table TD-680, the wall thickness of the largest pipe
size specified in ASME B36.10M plus the thickness
added for corrosion allowance on the connection shall
be used.

NOTE: The thickness values specified in Table TD-680 are based
on nominal thickness specified in Table 2 of ASME B36.10M,
less 121⁄2%.

(c) The allowable stress value for shear in the nozzle
neck shall be 70% of the allowable tensile stress for the
nozzle material.

TD-690 INSPECTION OPENINGS

Dimensions referred to in the following paragraphs
are all nominal:
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(a) All vessels subject to internal corrosion or having
parts subject to erosion or mechanical abrasion (see
TD-130), except as permitted otherwise in this para-
graph, shall be provided with suitable manhole, hand-
hole, or other inspection openings for examination and
cleaning.

(b) Vessels that require access or inspection openings
shall be equipped as follows:

(1) All vessels 457 mm (18 in.) to 914 mm (36 in.),
inclusive, I.D. shall have a manhole or at least two hand-
holes or two plugged, threaded inspection openings of
not less than DN 50 (NPS 2).

(2) All vessels over 914 mm (36 in.) I.D. shall have
a manhole, except that those whose shape or use makes
one impracticable shall have at least two handholes 102
mm � 152 mm (4 in. � 6 in.) or two equal openings of
equivalent area.

(3) When handholes or pipe plug openings are per-
mitted for inspection openings in place of a manhole,
one handhole or one pipe plug opening shall be in each
head or in the shell near each head.

(4) Openings with removable heads or cover plates
intended for other purposes may be used in place of the
required inspection openings, provided they are equal
at least to the size of the required inspection openings.

(5) A single opening with removable head or cover
plate may be used in place of all the smaller inspection
openings, provided it is of such size and location as to
afford at least an equal view of the interior.

(6) Flanged and/or threaded connections from
which piping, instruments, or similar attachments can be
removed may be used in place of the required inspection
openings, provided that

(a) the connections are at least equal to the size
of the required openings

(b) the connections are sized and located to afford
at least an equal view of the interior as the required
inspection openings

(c) When inspection or access openings are required,
they shall comply at least with the following require-
ments:

(1) An elliptical or obround manhole shall be not
less than 305 mm � 406 mm (12 in. � 16 in.). A circular
manhole shall be not less than 406 mm (16 in.) I.D.
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(2) A handhole opening shall be not less than 51
mm � 76 mm (2 in. � 3 in.), but should be as large as
is consistent with the size of the vessel and the location
of the opening.

(d) All access and inspection openings in a shell or
unstayed head shall be designed in accordance with the
rules of this Section for openings.

(e) When a threaded opening is to be used for inspec-
tion or cleaning purposes, the closing plug or cap shall
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be of a material suitable for the pressure and no material
shall be used at a temperature exceeding the maximum
temperature allowed in this section for that material.
The thread shall be a standard taper pipe thread, except
that a straight thread of at least equal strength may
be used if other sealing means to prevent leakage are
provided.

(f) Manholes of the type in which the internal pressure
forces the cover plate against a flat gasket shall have a
minimum gasket bearing width of 18 mm (11⁄16 in.).
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PART TW
REQUIREMENTS FOR TANKS FABRICATED BY WELDING

Article TW-1
General Requirements for Tanks Fabricated by Welding

TW-100 GENERAL

The rules in Part TW are applicable to pressure vessels
and vessel parts fabricated by welding and used in the
transportation of dangerous goods.

TW-100.1 Service Restrictions

(a) When vessels are to contain fluids with United
Nations Hazard Classifications 2.1 (Flammable Gas), 2.3
(Toxic Gas) or 6.1 (Toxic Materials), either liquid or gas-
eous, all butt-welded joints in the vessel shall be fully
radiographed, except under the provisions of
TE-230.1(a)(3). When fabricated of carbon or low alloy
steel, such vessels shall be postweld heat treated. [See
TG-100.3 and United Nations Recommendations on the
Transport of Dangerous Goods — Model Regulations.]

(1) The type of welded joints of various joint catego-
ries (see TE-220.1) shall be as follows:

(a) Except under provisions of TW-100.1(c)(1), all
joints of Category A shall be Type No. (1) of
Table TW-130.4.

(b) All joints of Categories B and C shall be Type
No. (1) or Type No. (2) of Table TW-130.4.

(c) All joints of Category C for fabricated lap joint
stub ends shall be as follows:

(1) The weld is made in two steps as shown
in Fig. TW-100.1.
Step 1. Before making weld No. 2, weld No. 1 is exam-

ined by full radiography in accordance with
Part TE, regardless of size. The weld and fusion
line between the weld buildup and neck is exam-
ined by ultrasonic examination in accordance
with Part TE.

Step 2. Weld No. 2 is examined by full radiography in
accordance with Part TE.

(2) The finished stub ends shall be machined
from forging.

(3) The finished stub ends may conform to
ASME B16.9 dimensional requirements or may be of
other sizes, provided all requirements of this Section
are met.
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Fig. TW-100.1 Fabricated Lap Joint Stub Ends for
Fluids With United Nations Hazard Classifications

Defined in TW-100.1(a)

10 mm (3/8 in.) min.

Weld No. 1

Weld No. 2

(d) All joints of Category D shall be full-
penetration welds extending through the entire thick-
ness of the vessel wall or nozzle wall.

(b) When carbon and low alloy steel vessels are to
operate below −48°C (−55°F) (unless the coincident ratio
defined in Fig. TM-240.3-1 is less than 0.35), or impact
tests of the material or weld metal for high alloy steels
are required by TM-250, the joints of various categories
(see TW-130.3) shall be as follows:

(1) All joints of Category A shall be Type No. (1)
of Table TW-130.4, except that for austenitic chromium-
nickel stainless steels listed in TM-250.4(a)(1), which
satisfy the requirements of TM-250.6, Type No. (2) joints
may be used.

(2) All joints of Category B shall be Type No. (1)
or Type No. (2) of Table TW-130.4.

(3) All joints of Category C shall be full-penetration
welds extending through the entire thickness at the joint.

(4) All joints of Category D shall be full-penetration
welds extending through the entire thickness of the ves-
sel wall.
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TW-120 MATERIALS

TW-120.1 General

(a) Pressure Parts. Materials used in the construction
of welded pressure parts shall comply with the require-
ments for materials given in Article TM-1.

(b) Nonpressure Parts. Materials used for nonpressure
parts that are welded to the pressure vessel shall be
proven of weldable quality as described below.

(1) For material identified in accordance with
TM-110.10, TM-120, TM-130.1, or TM-140.2, satisfactory
qualification of the welding procedure under Section IX
is considered as proof of weldable quality.

(2) For materials not identifiable in accordance with
TM-110.10, TM-120, TM-130.1, or TM-140.2, but identifi-
able as to nominal chemical analysis and mechanical
properties, S-Number under Section IX, QW/QB-422, or
to a material specification not permitted in this Division,
satisfactory qualification of the welding procedure
under Section IX is considered as proof of weldable
quality. For materials identified by S-Numbers, the pro-
visions of Section IX, QW-420 may be followed for weld-
ing procedure qualification. The welding procedure
need only be qualified once for a given nominal chemical
analysis and mechanical properties or material specifica-
tion not permitted in this Section.

(c) Two materials of different specifications may be
joined by welding, provided the requirements of
Section IX, QW-250, are met.

(d) Materials joined by the inertia and continuous
drive friction welding processes shall be limited to mate-
rials assigned P-Numbers in Section IX and shall not
include rimmed or semikilled steel.

TW-130 DESIGN OF WELDED JOINTS
TW-130.1 General

The rules in the following paragraphs apply specifi-
cally to the design of pressure vessels and vessel parts
that are fabricated by welding and shall be used in con-
junction with the requirements of Parts TD, TF, and TE
for the class of material used.

TW-130.2 Design of Welded Joints

(a) Permissible Types. The types of welded joints per-
mitted in arc and gas welding processes are listed in
Table TW-130.4, together with the limiting plate thick-
ness permitted for each type. Butt-type joints only are
permitted with pressure welding processes [see
TF-200(b)].

(b) Welding Grooves. The dimensions and shape of the
edges to be joined shall be such as to permit complete
fusion and complete joint penetration. Qualification of
the welding procedure, as required in TF-210.2, is accept-
able as proof that the welding groove is satisfactory.

(c) Tapered Transitions. A tapered transition having a
length not less than three times the offset between the
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adjacent surfaces of abutting sections, as shown in
Fig. TW-130.2, shall be provided at joints between sec-
tions that differ in thickness by more than one-fourth
of the thickness of the thinner section, or by more than
3.2 mm (1⁄8 in.), whichever is less. The transition may be
formed by any process that will provide a uniform taper.
When the transition is formed by removing material
from the thicker section, the minimum thickness of that
section, after the material is removed, shall be not less
than that required by TD-210(d). When the transition is
formed by adding additional weld metal beyond what
would otherwise be the edge of the weld, such additional
weld metal buildup shall be subject to the requirements
of TF-220.10. The butt weld may be partly or entirely in
the tapered section or adjacent to it. This paragraph also
applies when there is a reduction in thickness within a
spherical shell or cylindrical shell course and to a taper
at a Category A joint within a formed head. Provisions
for tapers at circumferential, butt-welded joints connect-
ing formed heads to main shells are contained in
TW-130.5.

(d) Except when the longitudinal joints are radio-
graphed 100 mm (4 in.) each side of each circumferential
welded intersection, vessels made up of two or more
courses shall have the centers of the welded longitudinal
joints of adjacent courses staggered or separated by a
distance of at least five times the thickness of the
thicker plate.

(e) Lap Joints. For lapped joints, the surface overlap
shall be not less than four times the thickness of the inner
plate, except otherwise provided for heads in TW-130.5.

(f) Minimum Weld Sizes. Sizing of fillet and partial
penetration welds shall take into consideration the load-
ing conditions in TD-200 but shall be not less than the
minimum sizes specified elsewhere in this Section.

TW-130.3 Welded Joint Categories

(a) The term Category as used herein defines the loca-
tion of a joint in a vessel, but not the type of joint. The
Categories established by this paragraph are for use in
this Section in specifying special requirements regarding
joint type and degree of examination for certain welded
pressure joints. Since these special requirements, which
are based on service and thickness, do not apply to
every welded joint, only those joints to which special
requirements apply are included in categories. The joints
included in each category are designated as joints of
Categories A, B, C, and D as described below and shown
in Fig. TW-130.3.

(1) Category A Locations. Category A locations are
longitudinal welded joints within the main shell, com-
municating chambers,1 transitions in diameter, or noz-
zles; any welded joint within a sphere, within a formed

1 Communicating chambers are defined as appurtenances to the
vessel, which intersect the shell or heads of a vessel or form an
integral part of the pressure-containing enclosure, e.g., sumps.
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Fig. TW-130.2 Butt Welding of Plates of Unequal Thickness

Fig. TW-130.3 Illustration of Welded Joint Locations Typical of Categories A, B, C, and D

or flat head; and circumferential welded joints connect-
ing hemispherical heads to main shells, to transitions
in diameter, to nozzles or to communicating chambers.

(2) Category B Locations. Category B locations are
circumferential welded joints within the main shell, com-
municating chambers,1 nozzles, or transitions in diame-
ter, including joints between the transition and a cylinder
at either the large or small end; and circumferential
welded joints connecting formed heads other than hemi-
spherical to main shells, to transitions in diameter, to
nozzles, or to communicating chambers.1

(3) Category C Locations. Category C locations are
welded joints connecting flanges, tubesheets, or flat
heads to the main shell, to formed heads, to transitions
in diameter, to nozzles, or to communicating chambers.1

(4) Category D Locations. Category D locations are
welded joints connecting communicating chambers or
nozzles to main shells, to spheres, to transitions in diam-
eter, to heads, or to flat sided tanks; and nozzles at the
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small end of a transition in diameter and those joints
connecting nozzles to communicating chambers.1

(b) When butt-welded joints are required elsewhere
for Category B, an angle joint connecting a transition in
diameter to a cylinder shall be considered as meeting
this requirement, provided the angle a (as shown in
Fig. TW-130.3) does not exceed 30 deg. All requirements
that apply to the butt joint shall apply to the angle joint.

TW-130.4 Joint Efficiencies

Table TW-130.4 gives the joint efficiencies E to be used
in the formulas of this Section for joints completed by
an arc or gas welding process. Except as required by
TE-230.1(a)(4), a joint efficiency depends only on the
type of joint and on the degree of examination of the
joint and does not depend on the degree of examination
of any other joint. The User or his designated agent shall
establish the type of joint and the degree of examination
when the rules of this Section do not mandate specific
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requirements. Rules for determining the applicability
of the efficiencies are found in the various paragraphs
covering design formulas [e.g., see TM-190(a) and
TD-300].

(a) A value of E not greater than that given in column
(a) of Table TW-130.4 shall be used in the design calcula-
tions for fully radiographed butt joints [see TE-230.1(a)],
except that when the requirements of TE-230.1(a)(4) are
not met, a value of E not greater than that given in
column (b) of Table TW-130.4 shall be used.

(b) A value of E not greater than that given in column
(b) of Table TW-130.4 shall be used in the design calcula-
tions for spot radiographed butt-welded joints [see
TE-230.1(b)].

(c) A value of E not greater than that given in column
(c) of Table TW-130.4 shall be used in the design calcula-
tions for welded joints that are neither fully radio-
graphed nor spot radiographed [see TE-230.1(c)].

(d) Values of E to be used in thickness calculations
for seamless vessel sections or heads shall be as follows:

(1) E shall be as specified in Table TW-130.4 when
the weld joint connecting the seamless vessel sections
or heads is Category A, Type 1.

(2) E p 1, if the Category B weld joining the seam-
less vessel sections or heads meets the spot radiography
requirements of TE-230.1(a)(4)(b).

(3) E p 0.85, when the weld does not meet the spot
radiography requirements of TE-230.1(a)(4)(b), or when
the Category A or B welds joining seamless vessel sec-
tions or heads are Type No. 3, 4, 5, or 6 of Table TW-130.4.

(e) Welded pipe or tubing shall be treated in the same
manner as seamless, but with allowable tensile stress
taken from the welded product values of the stress
tables, and the requirements of TW-130.4(d) applied.

(f) A value of E not greater than 0.80 may be used in
the equations of this Section for joints completed by any
of the pressure welding processes given in TF-200(b),
except for electric resistance welding, provided the weld-
ing process used is permitted by the rules in the applica-
ble parts of Subsection C for the material being welded.
The quality of such welds used in vessels or parts of
vessels shall be provided as follows: Test specimens shall
be representative of the production welding of each ves-
sel. They may be removed from the shell itself or from
a prolongation of the shell including the longitudinal
joint, or, in the case of vessels not containing a longitudi-
nal joint, from a test plate of the same material and
thickness as the vessel and welded in accordance with
the same procedure. One reduced-section tension test
and two side-bend tests shall be made in accordance
with, and shall meet the requirements of QW-150 and
QW-160, Section IX.

TW-130.5 Attachment Details

(a) Definitions
c p basic dimension used for the minimum sizing

of welds equal to tn or tx, whichever is less
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th p minimum thickness of head after forming,
mm (in.)

tn p nominal thickness of shell or nozzle wall to
which flange or lip is attached

tp p minimum distance from outside surface of flat
head to edge of weld preparation measured as
shown in Fig. TW-130.5-2, mm (in.)

ts p nominal thickness of shell, mm (in.)
tx p two times the thickness go, when the design is

calculated as an integral flange or two times
the thickness of shell nozzle wall required for
internal pressure, when the design is calculated
as a loose flange, but not less than 6 mm (1⁄4 in.)

See TW-130.5, TD-300, TD-310, TD-400, and TD-500
and other paragraphs for additional definitions.

(b) Formed Heads and Shells
(1) Ellipsoidal, torispherical, and other types of

formed heads, shall be attached to the shell as illustrated
in the applicable Fig. TW-130.5-1, sketches (a), (b), (c),
(d), (e), and (k). The construction shown in sketch (f)
may also be used for end heads when the thickness of
the shell section of the vessel does not exceed 16 mm
(5⁄8 in.) [see also TW-130.5(c)]. Limitations relative to the
use of these attachments shall be as given in the sketches
and related notes and in Table TW-130.4.
Figure TW-130.5-1, sketches (g), (h), and (j) are examples
of attachment methods that are not permissible.

(2) Formed heads, concave or convex to the pres-
sure, shall have a skirt length not less than that shown
in Fig. TW-130.5-1, using the applicable sketch. Heads
that are fitted inside or over a shell shall have a driving
fit before welding.

(3) A tapered transition having a length not less
than three times the offset between the adjacent surfaces
of abutting sections as shown in Fig. TW-130.5-1,
sketches (l) and (m) shall be provided at joints between
formed heads and shells that differ in thickness by more
than one-fourth the thickness of the thinner section or
by more than 3.2 mm (1⁄8 in.), whichever is less. When
a taper is required on any formed head thicker than the
shell and intended for butt-welded attachment
[Fig. TW-130.5-1, sketches (n) and (o)], the skirt shall be
long enough so that the required length of taper does
not extend beyond the tangent line. When the transition
is formed by removing material from the thicker section,
the minimum thickness of that section, after the material
is removed, shall be not less than that required by
TD-210(d). When the transition is formed by adding
additional weld metal beyond what would otherwise
be the edge of the weld, such additional weld metal
buildup shall be subject to the requirements of TF-220.10.
The centerline misalignment between shell and head
shall be not greater than one-half the difference between
the actual shell and head thickness, as illustrated in
Fig. TW-130.5-1, sketches (l), (m), (n), and (o).
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Fig. TW-130.5-1 Heads Attached to Shells
(See Table TW-130.4 for Limitations)

Skirt optional

Minimum ts

For other heads — 
  minimum 2th    13 mm (1/2 in.)

For ellipsoidal heads — minimum 2th
  but not less than 13 mm (1/2 in.)

For other heads — 
  minimum 2th    13 mm (1/2 in.)

For ellipsoidal heads — minimum 2th
  but not less than 13 mm (1/2 in.)

Tangent line

Tangent line

(a) Single Fillet Lap Weld

(d) Butt Weld

(c) Single Fillet Lap Weld With Plug Welds(b) Double Fillet Lap Weld

Plug weld

Tangent line
ts

th

Tangent line

For ellipsoidal heads — minimum 2th
  but not less than 13 mm (1/2 in.)

For other heads — 
  minimum 2th    13 mm
  (1/2 in.)

Minimum ts
Minimum 4ts or 4th
  whichever is less

When th is equal to or less than ts or
  th exceeds ts and a tapered transition
  is not required per TW-130.5(b)(3)

When th exceeds ts and a tapered 
  transition is required per TW-130.5(b)(3)

Minimum ts

Minimum 2ts

Minimum 1.3ts

Minimum 1.3ts
ts

th

th

ts

th

ts

Minimum 3d

Not less than d

d

Minimum 3th    13 mm (1/2 in.)
  but not less than 25 mm (1 in.)

Minimum 3th    1/2 in. (13 mm)
  but not less than 1 in. (25 mm)

Minimum 3th    13 mm (1/2 in.)
  but not less than 25 mm (1 in.)

ts

th

Tangent line

Minimum 3th but need not exceed
  38 mm (11/2 in.) for all heads

ts th
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Fig. TW-130.5-1 Heads Attached to Shells (Cont’d)
(See Table TW-130.4 for Limitations)

th

ts

ts2

t1 t

tststs

ththth

ts1

th

Minimum 2ts

GENERAL NOTE: Sketches (g-1), (g-2), (h), and (j) are not permissible.

See Note (1) NOTES:
(1)

(2)

See TW-130.5(b)(4) for limitation when
weld bead is deposited from inside.
For joints connecting hemispherical heads
to shells, the following shall apply:
(a)
(b)

(c)

t or t1 = 10 mm (3/8 in.) maximum
maximum difference in thickness
between t or t1 = 2.5 mm (3/32 in.);
use of this figure for joints con-
necting hemispherical heads to shells
shall be noted in the “Remarks” part
of the Data Report Form.

See Note (1)

21/2t maximum
  1t minimum

As desired
  11/2t minimum

Bevel optional

Avoid sharp break

t or t1 = 5/8 maximum [see Note (2)]

Depth of offset = t1

(e) Single Fillet Lap Weld (f) Intermediate Head

GENERAL NOTE: ts1 and ts2 may be different.

(j)(h)(g-2)(g-1)

(k) Butt Weld With One Plate Edge Offset

2th minimum

Need not exceed 25 mm (1 in.)

Tangent point

Butt weld and fillet weld, if used,
  shall be designed to take shear at
  11/2 times the differential pressure
  than can exist.

I.D.

Butt weld

15 deg – 20 deg Seal or fillet weld
  [see TW-130.5(c)]

13 mm (1/2 in.) minimum
Minimum ts

Minimum 3th but need not 
  exceed 38 mm (11/2 in.)

Tangent line

Minimum 1.3ts
Taper optional
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Fig. TW-130.5-1 Heads Attached to Shells (Cont’d)
(See Table TW-130.4 for Limitations)
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3y

1/2 (th – ts)
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y

(o)

(m)

In all cases, the projected length of taper    shall be not less than 3y.
  The shell plate center line may be on either side of the head plate center line.

In all cases     shall be not less than 3y when th exceeds ts. Minimum length of skirt is 3th but need not exceed 
  38 mm (11/2 in.) except when necessary to provide required length of taper.
  When th is equal to or less than 1.25ts, length of skirt shall be sufficient for any required taper.

Length of required taper    may include the width of the weld. The shell plate center line may be on either side 
  of the head plate center line.

Tangent line

Tangent line

Length of required
  taper    may include
  the width of the weld
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(4) Shells and head may be attached to shells or
heads using a butt weld with one plate offset as shown
in Fig. TW-130.5-1, sketch (k). The weld bead may be
deposited on the inside of the vessel only when the weld
is accessible for inspection after the vessel is completed.
The offset shall be smooth and symmetrical and shall
not be machined or otherwise reduced in thickness.
There shall be a uniform force fit with the mating section
at the root of the weld. Should the offset contain a longi-
tudinal joint the following shall apply:

(a) The longitudinal weld within the area of the
offset shall be ground substantially flush with the parent
metal prior to the offsetting operation.

(b) The longitudinal weld from the edge of the
plate through the offset shall be examined by the mag-
netic particle method after the offsetting operation.
Cracks and crack-like defects are unacceptable and shall
be repaired or removed. (See Mandatory Appendix V.)

(c) As an acceptable alternative to magnetic par-
ticle examination or when magnetic particle methods
are not feasible because of the nonmagnetic character
of the weld deposit, a liquid-penetrant method shall be
used. Cracks and crack-like defects are unacceptable and
shall be repaired or removed. (See Mandatory
Appendix VI.)

(c) Intermediate heads, without limit to thickness, of
the type shown in Fig. TW-130.5-1, sketch (f), may be
used for all types of vessels, provided that the outside
diameter of the head skirt is a close fit inside the overlap-
ping ends of the adjacent length of cylinder.

The butt weld and fillet weld shall be designed to
take shear based on 11⁄2 times the maximum differential
pressure that can exist. The allowable stress value for
the butt weld shall be 70% of the stress value for the
vessel material and that of the fillet 55%. The area of
the butt weld in shear is the width at the root of the
weld times the length of weld. The area of the fillet weld
is the minimum leg dimension times the length of the
weld. The fillet weld may be omitted if the construction
precludes access to make the weld, and the vessel is in
noncorrosive service.

(d) The requirements for the attachment of welded
unstayed flat heads to shells are given in TD-500 and
in TW-130.5(e) and (f).

(e) When shells, heads, or other pressure parts are
welded to a forged or rolled plate to form a corner joint,
as in Fig. TW-130.5-2, the joint shall meet the following
requirements [see also TM-140.1(d)(3)]:

(1) On the cross section through the welded joint,
the line of fusion between the weld metal and the forged
or rolled plate being attached shall be projected on
planes both parallel to and perpendicular to the surface
of the plate being attached, in order to determine the
dimensions a and b, respectively (see Fig. TW-130.5-2).

(2) For flange rings of bolted flanged connections,
and for flat heads with a projection having holes for a
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bolted connection, the sum of a and b shall be not less
than three times the nominal wall thickness of the abut-
ting pressure part.

(3) For other components, the sum a and b shall be
not less than two times the nominal wall thickness of
the abutting pressure part. Examples of such compo-
nents are flat heads and supported and unsupported
tube sheets without a projection having holes for a bolted
connection, and the side plates of a rectangular vessel.

(4) Other dimensions at the joint shall be in accor-
dance with details as shown in Fig. TW-130.5-2.

(5) Joint details that have a dimension through the
joint less than the thickness of the shell, head or other
pressure part, or that provide attachment eccentric
thereto, are not permissible. See Fig. TW-130.5-2,
sketches (o), (p), and (q).

(f) In the case of nozzle necks that attach to piping
of a lesser wall thickness, a tapered transition from the
weld end of the nozzle may be provided to match the
piping thickness although that thickness is less than
otherwise required by the rules of this Section. This
tapered transition shall meet the limitations as shown
in Fig. TW-130.5-3.

TW-130.6 Fillet Welds

(a) Fillet welds may be employed as strength welds
for pressure parts within the limitations given elsewhere
in Section XII. Particular care shall be taken in the layout
of joints in which fillet welds are to be used in order to
assure complete fusion at the root of the fillet.

(b) Corner or tee joints may be made with fillet welds,
provided the plates are properly supported indepen-
dently of such welds, except that independent supports
are not required for joints used for the purposes stated
in TF-120.4.

(c) Figures TW-130.5-1 and TW-130.5-2 show several
construction details that are not acceptable.

(d) Unless the sizing basis is given elsewhere in
Section XII, the allowable load on fillet welds shall equal
the product of the weld area (based on minimum leg
dimension), the allowable stress value in tension of the
material being welded, and a joint efficiency of 55%.

TW-130.7 Nozzles in Tanks Constructed of Ferritic
Steels With Tensile Properties Enhanced
by Heat Treatment

(a) All openings regardless of size shall meet the
requirements for reinforcing, nozzle geometry, and noz-
zle attachments and shall conform to the details shown
in Figs. TW-130.7-1 and TW-130.7-2, or sketches (y-1) or
(z-1) of Fig. TW-140.2-1 when permitted by the provi-
sions of TF-610.4(a), or as shown in Fig. TW-140.2-1
when permitted by the provisions of TF-610.4(b).

(b) Except for nozzles covered in TW-130.7(c), all noz-
zles and reinforcing pads shall be made of material with
the specified minimum yield strength within ±20% of
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Fig. TW-130.5-2 Attachment of Pressure Parts to Flat Plates to Form a Corner Joint

a

a a
a

b

b

a

tw

(a) (b) (c) (d)

(e-1) (e-2)

Typical Unstayed Flat Heads

(For unstayed flat heads, see also TD-500)

(f) (g)

twts

Backing strip
  may be used

ts
ts

ts

a2

a1 ts
This weld metal 
  may be deposited
  before completing
  the joint

ts

tp

a a

b

ts ts

a    b not less
  than 2ts
a not less than ts, and
  tp not less than the 
  smaller of ts or 
  6 mm (1/4 in.)

a    b not less
  than 2ts
a not less than ts, and
  tp not less than the
  smaller of ts or 
  6 mm (1/4 in.)

a    b not less
  than 2ts
tw not less than ts, 
  and tp not less than 
  the smaller of ts or 
  6 mm (1/4 in.)

a    b not less
  than 2ts
  (b = 0)
tw not less 
   than ts

a    b not less
  than 2ts
  (b = 0)

a    b not less
  than 2ts

a not less than ts a    b not less
  than 2ts, b = 0
  is permissible

a    b not less
  than 2ts (b = 0)
a1 not less than 0.5a2,
  not greater than 2a2

a1    a2  =  a

b

b

tp tp

Backing strip
  may be used
  if joint is not
  welded from
  both sides

Not
   welded

a not less than 3tn
  c not less
  than tn or
  tx, whichever
  is less

tp not less than 
  the smallest of
  tn, tx, or 6 mm 
  (1/4 in.)

tp
b tntn

c

c

Backing strip
  may be removed
  after welding

(b = 0)

a    b not less than 3tn
  c not less than tn or
  tx, whichever is less

Typical Bolted Flange Connections

c, tn, and tx are as defined in TW-130.5

(m) (n) Typical Nonpermissible Corner Joints

(o) (p) (q)

aa

GENERAL NOTES:
(a) ts is defined in TD-500(b).
(b) Dimension b is produced by the weld preparation and shall be verified after fit up and before welding.
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Fig. TW-130.5-3 Nozzle Necks Attached to Piping of Lesser Wall Thickness

tn
[Note (1)]

tn
[See Note (1)]

t1 [See Note (3)]

trn

trn

6 mm min. (1/4 in.)
  radius

6 mm (1/4 in.) min. radius

6 mm (1/4 in.) min. radius

See 
Note (2)

See 
Note (2)

18.5 deg max.;
  14 deg min.

(a) (b)

18.5 deg max.;
  14 deg min.

30 deg max.

18.5 deg max.;
  14 deg min.

30 deg max.

30 deg max.

NOTES:
(1)
(2)
(3)

As defined in TD-640.
Weld bevel is shown for illustration only.
t1 is not less than the greater of:
(a)

(b)

0.8trn where
trn  =  required thickness of seamless nozzle wall
Minimum wall thickness of connecting pipe

t1 [See Note (3)]

that of the tank shell to which they are attached; how-
ever, pipe flanges, pipe, or communicating chambers
may be of carbon, low, or high alloy steel welded to
nozzle necks or the required material, provided

(1) the joint is a circumferential butt weld located
not less than �Rtn that, except for the nozzle type shown
in Fig. TW-130.7-1, sketch (f), is measured from the limit
of reinforcement as defined in TD-640. For
Fig. TW-130.7-1, sketch (f), the �Rtn is measured as
shown in that figure. In these equations

R p inside radius of the nozzle neck, except for
Fig. TW-130.7-1, sketch (f), where it is the inside
radius of the vessel opening as shown in that
figure, mm (in.)

(2) the design of the nozzle neck at the joint is made
on the basis of the allowable stress value of the weaker
material.

(3) the slope of the nozzle neck does not exceed 3:1
for at least a distance of 1.5tn from the center of the joint.

(4) the diameter of the nozzle neck does not exceed
the limits given in TD-610.7 for openings designed to
TD-100.5 and TD-600 through TD-670.

(c) Nozzles of nonhardenable austenitic-type stain-
less steel may be used in vessels constructed of steels
conforming to SA-353, SA-553 Types I and II, or SA-645,
provided the construction meets all of the following
conditions:
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(1) The nozzles are nonhardenable austenitic-type
stainless steel conforming to one of the following specifi-
cations: SA-182, SA-213, SA-240, SA-312, SA-336,
SA-403, SA-430, or SA-479.

(2) The maximum nozzle size is limited to DN 100
(NPS 4).

(3) None of the nozzles is located in a Category A
or B joint.

(4) The nozzles are located so that the reinforce-
ment area of one nozzle does not overlap the reinforce-
ment area of an adjacent nozzle.

TW-140 WELDED CONNECTIONS

(a) Nozzles, other connections, and their reinforce-
ments may be attached to pressure vessels by arc or gas
welding. Sufficient welding shall be provided on either
side of the line through the center of the opening parallel
to the longitudinal axis of the shell to develop the
strength of the reinforcing parts as prescribed in TM-100
through shear or tension in the weld, whichever is
applicable.

(b) The strength of groove welds shall be based on
the area subjected to shear or to tension. The strength
of fillet welds shall be based on the area subjected to
shear (computed on the minimum leg dimension). The
inside diameter of a fillet weld shall be used in figuring
its length.
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Fig. TW-130.7-1 Acceptable Welded Nozzle Attachment Readily Radiographed to Code Standards

t

tt
1

3
30 deg max.

11/2 t min.

1/2 in. (13 mm) 
  min.

45 deg max.

30 deg min.

(c)

(b)
(a)

r1 r1

r2 r2
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t

(d)
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2
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t3     t4     0.2t but
   1        2     18.5 deg

r2

Backing ring
  if used, shall
  be removed

t

t

(e)

(f)

r1

tn

(c-1)

A

A

r2

r1r1

r2

r2

r2

t

r2

r2

tn tn
45 deg max.45 deg max.

30 deg max.18.5 deg max.
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  = 0.2t

30 deg 
  max.

Section A–A

Sections perpendicular
  and parallel to the
  cylindrical vessel axis

Limits of reinforcement

t (actual) shell

45 deg 
  min.

45 deg Rad. = 1/2tn with a min. = 6 mm (1/4 in.)

Area to be
  compensated
  A, B, C, D

Limits of reinforcement

Reinforcement may be distributed within the limits
  prescribed by this Division

2R or (R    t    tn)
whichever is greater

13 mm 
  (1/2 in.) min.

D
C

B

A

Min. thickness (forging)

N

N r2

tp

2tn min.

R = inside radius of
       vessel opening

tn

r2

tC

r1

r1

r1

R
t n

N
r1 

r2
t 
tn
tp

=

=

=

=

21/2tn
1/8t to 1/2t 
19 mm (3/4 in.) 

nominal thickness of shell or head

nominal thickness of nozzle

nominal thickness of attached pipe
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Fig. TW-130.7-2 Acceptable Full Penetration Welded Nozzle Attachments Radiographable With Difficulty and
Generally Requiring Special Techniques Including Multiple Exposures to Take Care of Thickness Variations

Backing strip
  if used shall
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Backing strip
  if used shall
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Backing strip
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Section A–A

(g)

(f)

(e)

(c) (d)

(a) (b)

A

A
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r4
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t
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t

tn

tc
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Sections perpendicular
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  cylindrical vessel axis

r1
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=
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=
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0.7tn or 6 mm (1/4 in.), whichever is less

nominal thickness of nozzle
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(c) Strength calculations for nozzle attachment welds
for pressure loading are not required for the following:

(1) Figure TW-140.2-1, sketches (a), (b), (c), (d), (e),
(f-1), (f-2), (f-3), (f-4), (g), (x-1), (y-1), and (z-1), and all
the sketches in Fig. TW-130.7-1

(2) openings that are exempt from the reinforce-
ment requirements by TD-600.3(c)

(d) The allowable stress values for groove and fillet
welds in percentages of stress values for the vessel mate-
rial, which are used in TD-650 calculations, are as
follows:

(1) groove-weld tension, 74%
(2) groove-weld shear, 60%
(3) fillet-weld shear, 49%

NOTE: These values are obtained by combining the following
factors: 871⁄2% for combined end and side loading, 80% for shear
strength, and the applicable joint efficiency factors.

(e) Reinforcing plates and saddles of nozzles attached
to the outside of a vessel shall be provided with at least
one telltale hole (maximum size NPS 1⁄4 tap) that may
be tapped for a preliminary compressed air and soap-
suds test for tightness of welds that seal off the inside
of the vessel. These telltale holes may be left open or
may be plugged when the vessel is in service. If the
holes are plugged, the plugging material used shall not
be capable of sustaining pressure between the reinforc-
ing plate and the vessel wall.

TW-140.1 Openings in or Adjacent to Welds

(a) Any type of opening that meets the requirements
for reinforcement given in TD-610 or TD-630 may be
located in a welded joint.

(b) Single openings meeting the requirements given
in TD-600.3(c) may be located in head-to-shell or Cate-
gory B or C butt-welded joints, provided the weld meets
the radiographic requirements in Part TE for a length
equal to three times the diameter of the opening with
the center of the hole at midlength. Defects that are
completely removed in cutting the hole shall not be
considered in judging the applicability of the weld.

(c) In addition to meeting the radiographic require-
ments of TW-140.1(b), when multiple openings meeting
the requirements given in TD-600.3(c) are in line in a
head-to-shell or Category B or C butt-welded joint, the
openings shall be reinforced in accordance with TD-610
through TD-660.

(d) Except when the adjacent butt weld satisfies the
requirements for radiography in TW-140.1(b), the edge
of openings in a solid plate meeting the requirements
of TD-600.3(c) shall not be placed closer than 13 mm
(1⁄2 in.) from the edge of Category A, B, or C weld for
material 38 mm (11⁄2 in.) thick or less.
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TW-140.2 Minimum Requirements for Attachment
Welds at Openings

(a) General
(1) The terms nozzles, connections, reinforcements,

necks, tubes, fittings, pads, and other similar terms used
in this paragraph define essentially the same type of
construction and form a Category D weld joint between
the nozzle (or other term) and the shell, head, etc., as
defined in TW-130.3.

(2) The location and minimum size of attachment
welds for nozzles and other connections shall conform
to the requirements of this paragraph in addition to the
strength calculations required in TW-140.

(b) Symbols. The symbols used in this paragraph and
in Figs. TW-140.2-1 and TW-140.2-2 are defined as
follows:

Do p outside diameter of neck or tube attached
by welding on inside of tank shell only

G p radial distance between hole in tank wall
and outside diameter of nozzle neck or
tube

Radius p 3.2 mm (1⁄8 in.) minimum blend radius
r1 p minimum inside corner radius, the lesser

of 1⁄4t or 19 mm (3⁄4 in.)
t p nominal thickness of tank shell or head

tc p not less than the smaller of 6 mm (1⁄4 in.) or
0.7tmin (inside corner welds may be further
limited by a lesser length or projection of
the nozzle wall beyond the inside face of
the tank wall)

tmin p the smaller of 19 mm (3⁄4 in.) or the thickness
of the thinner of the parts joined by fillet,
single-bevel, or single-J weld

tn p nominal thickness of nozzle wall
tw p dimension of attachment welds (fillet, sin-

gle-bevel, or single-J), measured as shown
in Fig. TW-140.2-1

t1 or t2 p not less than the smaller of 6 mm (1⁄4 in.)
or 0.7tmin

(c) Necks Attached by a Full-Penetration Weld. Necks
abutting a vessel wall shall be attached by a full-penetra-
tion groove weld. See Fig. TW-140.2-1, sketches (a) and
(b) for examples. Necks inserted through the tank wall
may be attached by a full-penetration groove weld. See
Fig. TW-140.2-1, sketches (c), (d), and (e). When complete
joint penetration cannot be verified by visual inspection
or other means permitted in this Section, backing strips
or equivalent shall be used with full-penetration welds
deposited from one side.

If additional reinforcement is required, it shall be pro-
vided as integral reinforcement as described in
TW-140.2(c)(1), or by the addition of separate reinforce-
ment elements (plates) attached by welding as described
in TW-140.2(c)(2).
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Fig. TW-140.2-2 Some Acceptable Types of Small Fittings [See TW-140.2(f)(3) for Limitations]
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(1) Integral reinforcement is that reinforcement pro-
vided in the form of extended or thickened necks, thick-
ened shell plates, forging-type inserts, or weld buildup
that is an integral part of the shell or nozzle wall and,
where required, is attached by full-penetration welds.
See Fig. TW-140.2-1, sketches (a), (b), (c), (d), (e), (f-1),
(f-2), (f-3), (f-4), (g), (x-1), (y-1), and (z-1), for examples
of nozzles with integral reinforcement where the F factor
in TD-610.2 may be used.

(2) Separate reinforcement elements (plates) may
be added to the outside surface of the shell wall, the
inside surface of the tank shell wall, or to both surfaces
of the tank wall. When this is done, the nozzle and
reinforcement is no longer considered a nozzle with
integral reinforcement and the F factor in TD-610.1 shall
be F p 1.0. Figure TW-140.2-1, sketches (a-1), (a-2), and
(a-3) depict various applications of reinforcement ele-
ments added to sketch (a). Any of these applications of
reinforcement elements may be used with necks of the
types shown in Fig. TW-140.2-1, sketches (b), (c), (d),
and (e), or any other integral reinforcement types listed
in TW-140.2(c)(1). When a pad is added, the nozzle and
reinforcement is no longer considered a nozzle with
integral reinforcement. The reinforcement plates shall
be attached by welds at the outer edge of the plate, and
at the nozzle neck periphery or inner edge of the plate
if no nozzle neck is adjacent to the plate. The weld at
the outer edge and the weld at the inner edge of the
reinforcement plate, which does not abut a nozzle neck,
shall be a fillet weld with a minimum throat dimension
of 1⁄2 tmin. See Fig. TW-140.2-1, sketch (h), for an example
of a fillet weld attachment. The welds attaching the
reinforcement plate to a nozzle neck abutting a vessel
wall shall be a full-penetration weld plus a fillet weld
with minimum throat dimension tw not less than 0.7tmin.

(d) Neck Attached by Fillet or Partial Penetration Welds
(1) Necks inserted into or through the vessel wall

may be attached by fillet or partial penetration welds,
one on each face of the vessel wall. The welds may
be any desired combination of fillet, single-bevel, and
single-J welds. The dimension of t1 or t2 for each weld
shall be not less than the smaller of 6 mm (1⁄4 in.) or
0.7tmin, and their sum shall be not less than 11⁄4 tmin. See
Fig. TW-140.2-1, sketches (i), (j), (k), and (l).

If additional reinforcement is required, it may be pro-
vided in the form of extended or thickened necks, thick-
ened shell plates, forgings, and/or separate
reinforcement elements (plates) attached by welding.
Weld requirements shall be the same as given in
TW-140.2(c)(2), except as follows. The welds attaching
the neck to the vessel wall or to the reinforcement plate
shall consist of one of the following:

(a) a single-bevel or single J-weld in the shell
plate, and a single-bevel or single-J weld in each reinforc-
ing plate. The dimension tw of each weld shall be not less
than 0.7 tmin. See Fig. TW-140.2-1, sketches (q) and (r).
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(b) a full-penetration groove weld in each rein-
forcement plate, and a fillet, single-bevel, or single-J
weld with a weld dimension tw not less than 0.7 tmin in
the tank shell plate. See Fig. TW-140.2-1, sketch (s).

(2) Nozzle necks, flared necks, and studding outlet-
type flanges may be attached by fillet welds or partial-
penetration welds between the outside diameter or the
attachment and the outside surface of the shell and at
the inside of the opening in the shell. The throat dimen-
sion of the outer attachment weld shall be not less than
1⁄2 tmin. The dimension tw of the weld at the inside of the
shell cutout shall be not less than 0.7 tmin. See
Fig. TW-140.2-1, sketches (m), (n), and (p).

(e) Necks and Tubes up to and Including DN 150 (NPS 6)
Attached From One Side Only. Necks and tubes not
exceeding DN 150 (NPS 6) may be attached from one
side only on either the outside or inside surface of the
tank.

(1) When the neck or tube is attached from the
outside only, a welding groove shall be cut into the
surface to a depth of not less than tn on the longitudinal
axis of the opening. It is recommended that a recess 1.6
mm (1⁄16 in.) deep be provided at the bottom of the groove
in which to center the nozzle. The dimension tw of the
attachment weld shall be not less than tn nor less than
6 mm (1⁄4 in.). See Fig. TW-140.2-1, sketches (t) and (u).

(2) When the neck or tube is attached from the
inside only, the depth of the welding groove or throat
of fillet weld shall be at least equal to 11⁄4 tmin. Radial
clearance between vessel hole and nozzle outside diame-
ter at the unwelded side shall not exceed tolerances
given in Fig. TW-140.2-1, sketches (v-1), (v-2), (w-1),
and (w-2). Such attachments shall satisfy the rules for
reinforcement of openings, except that no material in
the nozzle neck shall be counted as reinforcement.

(f) Fittings: Internally Threaded, Externally Threaded,
Socket Welded, or Butt Welded. The attachment of fittings
shall meet the following requirements:

(1) Except as provided for in TW-140.2(f)(2), (3),
(4), (5), and (6), fittings shall be attached by a full-pene-
tration groove weld or by two fillet or partial-penetra-
tion welds, one on each face of the tank wall. The
minimum weld dimensions shall be as shown in
Fig. TW-140.2-1, sketches (x), (y), (z), and (aa).

(2) Fittings not exceeding DN 80 (NPS 3) shown on
Fig. TW-140.2-1, sketches (x), (y), (z), (aa), and (bb), may
be attached by welds that are exempt from size require-
ments with the following limitations:

(a) TW-140(a) requirements shall be satisfied for
TD-680 loadings.

(b) For partial penetration welds or fillet welds,
t1 or t2 shall be not less than the smaller of 2.5 mm
(3⁄32 in.) or 0.7tmin.

(3) Fittings and bolting pads not exceeding DN 80
(NPS 3), as shown in Fig. TW-140.2-2, may be attached
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to tanks by a fillet weld deposited from the outside only
with the following limitations:

(a) maximum vessel wall thickness of 10 mm
(3⁄8 in.).

(b) the maximum size of opening in the vessel is
limited to the outside diameter of the attached pipe plus
19 mm (3⁄4 in.), but not greater than one-half of the vessel
inside diameter.

(c) the attachment weld throat shall be the greater
of the following:

(1) the minimum nozzle neck thickness
required by TD-680 for the same nominal size connection

(2) that necessary to satisfy the requirements
of TW-130.5 for the applicable loadings in TD-200

(d) the typical fitting dimension tf, as shown in
Fig. TW-140.2-1, sketch (p), shall be sufficient to accom-
modate a weld leg, which will provide a weld throat
dimension.

If the opening exceeds the requirements of
TW-140.2(f)(3)(b) or TW-140.2(f)(5)(d) in any direction,
or is greater than one-half the vessel inside diameter,
the part of the vessel affected shall be subjected to a
proof test as required in TD-600.1(b), or the opening
shall be reinforced in accordance with TD-610 and the
nozzle or other connection attached, using a suitable
detail in Fig. TW-140.2-1, if welded.
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(4) Fittings not exceeding DN 80 (NPS 3) may be
attached by a fillet groove weld from the outside only
as shown in Fig. TW-140.2-1, sketch (bb). The groove
weld tw shall be not less than the thickness of Schedule
160 pipe (ASME B36.10M).

(5) Flange-type fittings not exceeding DN 50 (NPS
2), with some acceptable types such as those shown in
Fig. TW-140.2-2, may be attached without additional
reinforcement other than that in the fitting and its attach-
ment to the tank wall. The construction satisfies the
requirements of this Section without further calculation
or proof test as permitted in TD-600.3(c), provided all
of the following conditions are met:

(a) Maximum vessel wall thickness shall not
exceed 10 mm (3⁄8 in.).

(b) Maximum design pressure shall not exceed
2.4 MPa (350 psi).

(c) Minimum fillet leg tf is 2.5 mm (3⁄32 in.).
(d) The finished opening, defined as the hole in

the tank wall, shall not exceed the outside diameter of
the nominal pipe size plus 19 mm (3⁄4 in.).

(6) Fittings conforming to Fig. TW-140.2-2, sketch
(k), not exceeding DN 80 (NPS 3) may be attached by a
single fillet weld on the inside of the tank only, provided
the criteria of Fig. TW-140.2-1, sketch (w), and
TW-140.2(e)(2) are met.
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PART TF
FABRICATION REQUIREMENTS

Article TF-1
General Requirements for Fabrication

TF-100 GENERAL

The fabrication of pressure vessels and parts shall
conform to the requirements in Part TF.

TF-110 MATERIALS

TF-110.1 Cutting Plate and Other Stock

(a) Plates, edges of heads, and other parts may be
cut to shape and size by mechanical means such as
machining, shearing, grinding, or by oxygen or arc cut-
ting. After oxygen or arc cutting, all slag and detrimental
discoloration of material that has been molten shall be
removed by mechanical means prior to further fabrica-
tion or use.

(b) Ends of nozzles or manhole necks that are to
remain unwelded in the completed tank may be cut
by shearing, provided sufficient additional material is
removed by any other method that produces a smooth
finish.

(c) Exposed inside edges shall be chamfered or
rounded.

TF-110.2 Material Identification

(a) Material for pressure parts preferably should be
laid out so that when the vessel is completed, one com-
plete set of the original identification markings required
by TM-140.3 for the material will be plainly visible. The
vessel Manufacturer shall maintain traceability of the
material to the original identification markings by one
or more of the following methods:

(1) accurate transfer of the original identification
markings to a location where the markings will be visible
on the completed tank

(2) identification by a coded marking traceable to
the original required marking

(3) recording the required markings using methods
such as material tabulations or as-built sketches that
assure identification of each piece of material during
fabrication and subsequent identification in the com-
pleted vessel

Such transfers of markings shall be made prior to
cutting, except that the Manufacturer may transfer
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markings immediately after cutting, provided the con-
trol of these transfers is described in his written Quality
Control System (see Mandatory Appendix I). Except as
indicated in TF-110.2(b), material may be marked by
any method acceptable to the Inspector. The Inspector
need not witness the transfer of the marks but shall
satisfy himself that it has been correctly done.

(b) Where service conditions or thickness prohibit die-
stamping for material identification, and when so speci-
fied by the User, the material Manufacturer or supplier
shall mark the required data on the plates in a manner
that will allow positive identification upon delivery. The
markings must be recorded so that each plate will be
positively identified in its position in the completed
vessel to the satisfaction of the Inspector. Material that
is to be divided shall be done as in TF-110.2(a).

(c) When material is formed into shapes by anyone
other than the Manufacturer of the completed vessel,
and the original markings as required by the applicable
material specification are unavoidably cut out, or the
material is divided into two or more parts, one set shall
be accurately transferred by the Manufacturer of the
shape. Manufacturer’s Partial Data Reports and parts
stamping are not a requirement unless there has been
fabrication to the shapes that include welding, except
as exempted by TM-110.10.

TF-110.3 Repair of Defects in Materials

(a) Pressure-retaining material shall be examined by
nondestructive methods as required by the rules of this
Section.

(b) The requirements of this Part for repair by weld-
ing, including examination of the repair welds, shall
be met wherever repair welds are made to pressure-
retaining material.

(c) Elimination of Defects by Blend Grinding. Defects
shall be removed or reduced to an acceptable-sized
imperfection. Defects may be removed by grinding or
machining, provided the following requirements are
met:

(1) the remaining thickness of the section is not
reduced below that required by Part TD, except as noted
in TF-120.1(b)
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(2) the depression, after defect elimination, is
blended uniformly into the surrounding surface

(d) Base Material Repair by Welding. The Manufacturer
may repair the base material by welding after the defects
have been removed, with the concurrence of the
Inspector.

(1) Defect Removal. The defect shall be removed by
suitable mechanical, thermal cutting, or gouging meth-
ods and the cavity shall be prepared for repair. After
thermal cutting, all slag and detrimental material that
has been molten shall be removed by mechanical means
suitable for the material prior to weld repair. When
thermal cutting is used, the effect on the mechanical
properties shall be taken into consideration. The surface
to be welded shall be uniform and smooth.

(2) Qualification of Welding Procedures and Welders.
The welding procedure and welders or welding opera-
tors shall be qualified in accordance with the require-
ments of Article TF-2 and Section IX.

(3) Examination of Repair Welds. Each repair weld
shall be examined by the magnetic particle or the liquid-
penetrant method.

(4) Heat Treatment After Repairs. The product shall
be heat treated after repair as required by Article TF-7.

(e) Time of Examination of Repair Welds (see also TE-200)
(1) When radiographic examination of repair welds

is required, it shall be performed after postweld heat
treatment.

(2) Magnetic particle or liquid-penetrant examina-
tion of repair welds shall be performed after final heat
treatment.

(f) Fasteners. Weld repair of bolts, studs, and nuts is
not permitted.

TF-120 FORMING AND FABRICATION

TF-120.1 Forming of Shell Sections and Heads

(a) All plates for shell sections and for heads shall be
formed to the required shape by any process that will not
unduly impair the mechanical properties of the material.
Limits are provided on cold working of all carbon and
low alloy steels, high alloy steels, and ferritic steels with
tensile properties enhanced by heat treatment (see
TF-310.1, TF-410.4, and TF-610.1).

(b) If the plates are to be rolled, the adjoining edges
of longitudinal joints of cylindrical tanks shall first be
shaped to the proper curvature by preliminary rolling
or forming in order to avoid having objectionable flat
spots along the completed joints (see TF-120.2).

(c) When the vessel shell sections, heads, or other
pressure boundary parts are formed by other than the
Manufacturer of the vessel, the required certification of
the part shall indicate whether or not the part has been
heat treated and, if so, the temperature(s) at which it
was heat treated (see TF-310.1, TF-410.4, and TF-610.1).
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Fig. TF-120.2-1 Example of Differences Between
Maximum and Minimum Inside Diameters in

Cylindrical, Conical, and Spherical Shells

TF-120.2 Permissible Out-of-Roundness of Cylindrical
and Spherical Shells

(a) Internal Pressure. The shell of a completed vessel
shall be substantially round and shall meet the following
requirements:

(1) The difference between the maximum and mini-
mum inside diameters at any cross section shall not
exceed 1% of the nominal diameter at the cross section
under consideration. The diameters may be measured
on the inside or outside of the vessel. If measured on
the outside, the diameters shall be corrected for the plate
thickness at the cross section under consideration (see
Fig. TF-120.2-1). When the cross section passes through
any other location normal to the axis of the vessel,
including head-to-shell junctions, the difference in diam-
eters shall not exceed 1%. For vessels with longitudinal
lap joints, the permissible difference in inside diameters
may be increased by the nominal plate thickness.

(b) External Pressure. The shell of a completed vessel
intended to operate under external pressure shall meet
the following requirements at any cross-section:

(1) The out-of-roundness limitations prescribed in
TF-120.2(a)(1).

(2) The maximum plus-or-minus deviation from
the true circular form, measured radially on the outside
or inside of the vessel, shall not exceed the maximum
permissible deviation e obtained from Fig. TF-120.2-2.
Use e p 1.0t or e p 0.2t, respectfully, for points falling
above or below these curves. Measurements shall be
made from a segmental circular template having the
design inside or outside radius (depending upon where
the measurements are taken) and cord length equal to
twice the arc length obtained from Fig. TD-410.2-2. The
values of L and Do in Figs. TD-410.2-2 and TF-120.2-2
shall be determined as follows:

(a) for cylinders, L and Do as defined in TD-400.1
(b) for spheres, L is one-half of the outside diame-

ter Do

(3) For cylinders and spheres, the value of t shall
be determined as follows:

(a) For vessels with butt joints, t is the nominal
plate thickness less corrosion allowance.

(b) For vessels with longitudinal lap joints, t is the
nominal plate thickness and the permissible deviation is
t + e.
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Fig. TF-120.2-2 Maximum Permissible Deviation From a Circular Form, e, for Vessels Under External Pressure

(c) Where the shell at any cross section is made
of plates having different thicknesses, t is the nominal
thickness of the thinnest plate less corrosion allowance.

(4) The requirements of TF-120.2(b)(2) shall be met
in any plane normal to the axis of revolution for cylin-
ders and in the plane of any great circle for spheres.

(5) Measurements shall be taken on the surface of
the base metal and not on welds or other raised parts
of the material.

(6) The dimensions of the completed vessels may
be brought within the requirements of this paragraph
by any process that will not impair the strength of the
material.

(7) Sharp bends and flat spots shall not be permit-
ted unless provision is made for them in the design.

(8) If the nominal thickness of plate used for a cylin-
drical vessels exceeds the minimum thickness required
by TD-400.2 for the external design pressure, and if such
excess thickness is not required for corrosion allowance
or loadings causing compressive forces, the maximum
permissible deviation, e determined for the nominal
plate thickness used may be increased by the ratio of
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factor, B for the nominal plate thickness used divided
by factor, B for the minimum required plate thickness;
and the cord length for measuring emax shall be deter-
mined by Do/t for the nominal plate thickness used.

(9) Vessels fabricated of pipe may have permissible
variations in diameter (measured outside) in accordance
with those permitted under the specification covering
its manufacture.

TF-120.3 Tolerance for Formed Heads

(a) The inner surface of a torispherical, toriconical,
hemispherical, or ellipsoidal head shall not deviate out-
side of the specified shape by more than 1.25% of D nor
inside the specified shape by more than 0.625% of D,
where D is the nominal inside diameter of the vessels
shell at point of attachment. Such deviations shall be
measured perpendicular to the specified shape and shall
not be abrupt. The knuckle radius shall not be less than
that specified.

(b) Measurements for determining the deviations
specified in TF-120.3(a) shall be taken from the surface
of the base metal and not from welds.
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(c) The skirts of heads shall be sufficiently true to
round so that the difference between the maximum and
minimum diameters shall not exceed 1% of the nominal
diameter.

(d) When the skirt of any unstayed formed head is
machined to make a driving fit into or over a shell, the
thickness shall not be reduced to less than 90% of that
required for a blank head or the thickness of the shell
at the point of attachment. When so machined, the transi-
tion from the machined thickness to the original thick-
ness of the head shall not be abrupt but shall be tapered
for a distance of at least three times the difference
between the thicknesses.

TF-120.4 Lugs, Fittings, and Other Attachments

(a) Lugs, brackets, saddle-type nozzles, manhole
frames, reinforcement around openings, and other
appurtenances shall be formed and fitted to conform
reasonably to the curvature of the shell or surface to
which they are attached.

(b) When pressure parts, such as saddle-type nozzles,
manhole frames, and reinforcement around openings,
extend over pressure-retaining welds, such welds shall
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be ground flush for the portion of the weld to be covered.
(c) When nonpressure parts, such as lugs, brackets,

clips, and support legs and saddles, extend over pres-
sure-retaining welds, such welds shall be ground flush
as described in TF-120.4(a), or such parts shall be
notched or coped to clear those welds.

TF-120.5 Inspection During Fabrication

(a) The Manufacturer shall examine the pressure-
retaining parts to make certain they conform to the pre-
scribed shape and meet the thickness requirements after
forming.

(b) Before attaching nozzles, manhole frames, nozzle
reinforcement, and other appurtenances to the inside or
outside of the vessel, they shall be examined to make
certain they properly fit the vessel curvature.

(c) When conditions permit entry into the vessel, as
complete examination as possible shall be made by the
Inspector before the final closure.

(d) The Inspector shall make an external inspection
of the completed vessel at the time of the final hydro-
static test or pneumatic test.
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Article TF-2
Requirements for Welding Fabrication

TF-200 GENERAL REQUIREMENTS FOR ALL WELDS

The following requirements apply to the fabrication
of pressure vessels and parts that are fabricated by
welding:

(a) Arc and gas welding processes that may be used
in the construction of transport tanks under this Article
are: shielded metal arc, submerged arc, flux core arc, gas
tungsten arc, gas metal arc, plasma arc, atomic hydrogen
metal arc, oxyfuel gas welding, electrogas, electron
beam, and laser beam. Those not listed are not permitted.

(b) Pressure welding processes that may be used in
the construction of transport tanks under this Article
are: flash induction, resistance, pressure gas, and forge
welding. Those not listed are not permitted.

(c) No mechanical pressure or blows shall be applied,
as part of the welding process, except as permitted for
peening and forge welding.

(d) Manufacturers are prohibited from welding pres-
sure-retaining materials that have a carbon content that
exceeds 0.35% by heat analysis. Attachment welds that
are not welded directly to pressure parts are excluded.

(e) The method used to prepare the base metal shall
leave the weld preparation with reasonably smooth sur-
faces. The surfaces for welding shall be free of scale,
rust, oil, grease, and other deleterious material. The
work shall be protected from deleterious contamination
and from rain, snow, and wind during welding. Welding
shall not be performed on wet surfaces.

(f) Each Manufacturer or parts Manufacturer shall be
responsible for the quality of the welding done by his
organization and shall conduct tests not only of the
welding procedure to determine its suitability to ensure
welds that will meet the required tests, but also of the
welders and welding operators to determine their ability
to apply the procedure properly. Procedure qualification
shall be by the methods specified in Section IX.

(g) No Production welding shall be undertaken until
after the welding procedures that are to be used have
been qualified. Only Welders and Welding Operators
who are qualified in accordance with Section IX shall
be used in production.

TF-210 WELDING QUALIFICATIONS, RECORDS,
AND IDENTIFYING STAMPS

(a) All welding shall be performed in accordance with
the Manufacturer’s welding procedure specifications,
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which have been qualified by the Manufacturer in accor-
dance with the requirements of this Article.

(b) All welders shall be qualified by the Manufacturer
in accordance with the requirements of this Article. This
includes Welders and Welding Operators used to join
permanent or temporary attachments to pressure parts
and to make permanent or temporary tack welds.

(c) The Manufacturer shall maintain a record of the
qualified welding procedures, the supporting procedure
qualification records, and the qualification records of
the Welders and Welding Operators qualified by him,
showing the date and results of tests and the identifica-
tion mark assigned to each welder. These records shall
be reviewed, verified, and certified by the Manufacturer
by signature or some other method of control in accor-
dance with the Manufacturer’s Quality System and shall
be accessible to the Inspector.

(d) In addition to the records of TF-210(c), the
Manufacturer shall document welding performed by
Welders or Welding Operators in order to establish com-
pliance with the maintenance of qualification require-
ments of Section IX.

(e) Each Welder or Welding Operator shall apply the
identification mark assigned by the Manufacturer on or
adjacent to all permanent welded joints or series of joints
on which he welds in accordance with TF-220.7. The
marking shall be done with either a blunt nose continu-
ous or blunt nose interrupted dot die stamps. As an
alternative, the Manufacturer shall keep a record of per-
manent welded joints in each item and of the Welders
and Welding Operators used in making each of the
joints.

TF-210.1 Welders Not in the Employ of the
Manufacturer

Welders not in the employ of the Manufacturer may
be used to fabricate transport tanks constructed in accor-
dance with this Section, provided all the following con-
ditions are met:

(a) requirement for complete and exclusive adminis-
trative and technical supervision of all welders by the
Manufacturer

(b) evidence of the Manufacturer’s authority to assign
and remove welders at his discretion without involve-
ment of any other organization

(c) requirement for Assignment of Welder Identifica-
tion symbols
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(d) evidence that this program has been accepted by
the Manufacturer’s Inspector

(e) the Manufacturer shall be responsible for Code
compliance of the pressure vessel or part, including
Code Symbol stamping and providing Data Report
Forms properly executed and countersigned by the
Inspector

(f) all Code construction shall be the responsibility of
the Manufacturer

(g) all welding shall be performed in accordance with
the Manufacturer’s welding procedure specifications
that have been qualified by the Manufacturer in accor-
dance with the requirements of TF-210(a)

(h) all welders shall be qualified by the Manufacturer
in accordance with the requirements of TF-210(b)

(i) the Manufacturer’s Quality Control System shall
include as a minimum:

(1) a requirement for complete and exclusive
administrative and technical supervision of all welders
by the Manufacturer

(2) evidence of the Manufacturer’s authority to
assign and remove welders at his discretion without
involvement of any other organization

(3) a requirement for Assignment of Welder
Identification symbols

(4) evidence that this program has been accepted
by the Manufacturer’s Inspection Organization for Class
1 and Class 2 vessels and by the Society for Class 3
vessels

TF-210.2 Qualification of Welding Procedure

(a) The procedure used in welding pressure parts and
in joining load-carrying nonpressure parts, such as all
permanent or temporary clips and lugs, to pressure parts
shall be qualified in accordance with TF-210(a).

(b) The procedure used in welding nonpressure bear-
ing attachments that have essentially no load-carrying
function (such as extended heat transfer surfaces, insula-
tion support pins, etc.), to pressure parts shall meet the
following requirements:

(1) When the welding process is manual, machine,
or semiautomatic, procedure qualification is required in
accordance with the requirements of TF-210(a).

(2) When the welding is any automatic welding
process performed in accordance with a Welding Proce-
dure Specification, procedure qualification testing is not
required.

(3) Welding of all test coupons shall be conducted
by the Manufacturer. Testing of all test coupons shall
be the responsibility of the Manufacturer. Qualification
of a welding procedure by one Manufacturer shall not
qualify that procedure for any other Manufacturer,
except as provided in TF-210.4.

TF-210.3 Tests of Welders and Welding Operators
The Welders and Welding Operators used in welding

pressure parts and in joining load-carrying nonpressure
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parts (attachments) to pressure parts shall be qualified
in accordance with TF-210(b).

(a) The qualification test for Welding Operators of
machine welding equipment shall be performed on a
separate test plate prior to the start of welding or on
the first work piece.

(b) When stud welding is used to attach load-carrying
studs, a production stud weld test of each Welder or
Welding Operator shall be performed on a separate test
plate or tube prior to the start of welding on each work
shift. This weld test shall consist of five studs, welded
and tested by the bend or torque stud weld testing
procedure described in Section IX or equivalent
standard.

(c) The Welders and Welding Operators used in weld-
ing nonpressure-bearing attachments, which have essen-
tially no load-carrying function (such as extended heat
transfer surfaces, insulation support pins, etc.), to pres-
sure parts shall comply with the following. When the
welding process is manual, machine, or semiautomatic,
qualification in accordance with TF-210(b) is required.

(d) When welding is done by any automatic welding
process, performance qualification testing is not
required.

(e) Each Welder and Welding Operator shall be
assigned an identifying number, letter, or symbol by the
Manufacturer, which shall be used to identify the work
of that welder or welding operator in accordance with
TF-210(e).

(f) The Manufacturer shall maintain a record of the
Welders and Welding Operators showing the date and
result of tests and the identification mark assigned to
each. These records shall be certified to by the
Manufacturer and be accessible to the Inspector.

(g) Welding of all test coupons shall be conducted by
the Manufacturer. Testing of all test coupons shall be
the responsibility of the Manufacturer. A performance
qualification test conducted by one Manufacturer shall
not qualify a Welder or Welding Operator to do work
for any other Manufacturer.

TF-210.4 Use of Standard Welding Procedure

AWS Standard Welding Specifications that have been
accepted by Section IX may be used for Section XII
construction, provided the welding meets the require-
ments of this Section. The Section XII requirements shall
govern. Manufacturers intending to use AWS Standard
Welding Procedures shall describe in their Quality Con-
trol System the measures used to ensure that the welding
meets the requirements of this Section and Section IX.

TF-220 REQUIREMENTS FOR PRODUCTION
WELDING

TF-220.1 Cutting, Fitting, and Alignment

(a) When plates are shaped by oxygen or arc cutting,
the edges to be welded shall be uniform and smooth
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and shall be free of all loose scale and slag accumulations
before welding.

(b) Plates that are being welded shall be fitted,
aligned, and retained in position during the welding
operation. Bars, jacks, clamps, tack welds, or other
appropriate means may be used to hold the edges of
parts in alignment.

(c) Tack welds used to secure alignment shall either
be removed completely when they have served their
purpose, or their stopping and starting ends shall be
properly prepared by grinding or other suitable means
so that they may be satisfactorily incorporated into the
final weld. Tack welds, whether removed or left in place,
shall be made using a fillet weld or butt weld procedure
qualified in accordance with TF-200(a). Tack welds to
be left in place shall be made by Welders qualified in
accordance with TF-210(b) and shall be examined visu-
ally for defects, and if found to be defective shall be
removed.

(d) The edges of butt joints shall be held during weld-
ing so that the tolerances of TF-220.3 are not exceeded
in the completed joint. When fitted girth joints have
deviations exceeding the permitted tolerances, the head
or shell ring, whichever is out-of-true, shall be reformed
until the tolerances are within the specified limits. Where
fillet welds are used, the lapped plates shall fit closely
and shall be kept in contact during welding.

TF-220.2 Cleaning of Surfaces to Be Welded

(a) The surfaces to be welded shall be clean and free
of scale, rust, oil, grease, slag, detrimental oxides, and
other deleterious foreign material. The method and
extent of cleaning should be determined based on the
material to be welded and the contaminants to be
removed. When weld metal is to be deposited over a
previously welded surface, all slag shall be removed
by a roughing tool, chisel, chipping hammer, or other
suitable means to prevent inclusion of impurities in the
weld metal.

(b) Cast surfaces to be welded shall be machined,
chipped, or ground to remove foundry scale and to
expose sound metal.

(c) The requirements in TF-220.2(a) and (b) are not
intended to apply to any process of welding by which
proper fusion and penetration are otherwise obtained
and by which the weld remains free from defects.

TF-220.3 Alignment Tolerance

(a) Alignment of sections at edges to be butt welded
shall be such that the maximum offset is not greater
than the applicable amount for the welded joint category
under consideration, as listed in Table TF-220.3. The
section thickness, t, is the nominal thickness of the thin-
ner section at the joint.

(b) Any offset within the allowable tolerance pro-
vided above shall be faired at a three to one taper over
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the width of the finished weld, or if necessary, by adding
additional weld metal beyond what would otherwise
be the edge of the weld. Such additional weld metal
buildup shall be subject to the requirements of TF-220.10.

TF-220.4 Finished Longitudinal and Circumferential
Joints

(a) Butt-welded joints shall have complete penetra-
tion and full fusion. As-welded surfaces are permitted;
however, the surface of welds shall be sufficiently free
from coarse ripples, grooves, overlaps, and abrupt ridges
and valleys to permit proper interpretation of radio-
graphic and other required nondestructive examina-
tions. If there is a question regarding surface condition
of the weld when interpreting a radiographic film, the
film shall be compared to the actual weld surface for
determination of acceptability.

(b) A reduction in thickness due to the welding pro-
cess is acceptable, provided all of the following condi-
tions are met:

(1) The reduction in thickness shall not reduce the
material of the adjoining surfaces below the minimum
required thickness at any point.

(2) The reduction in thickness shall not exceed 0.8
mm (1⁄32 in.) or 10% of the nominal thickness of the
adjoining surface, whichever is less.1

(c) When a single-welded butt joint is made by using
a backing strip that is left in place, the requirement
for reinforcement applies only to the side opposite the
backing strip.

(d) To ensure that the weld grooves are completely
filled so that the surface of the weld metal at any point
does not fall below the surface of the adjoining base
materials,2 weld metal may be added as reinforcement
on each face of the weld. The thickness of the weld
reinforcement on each face shall not exceed the values
in Table TF-220.4.

TF-220.5 Fillet Welds

In making fillet welds, the weld metal shall be depos-
ited in such a way that adequate penetration into the
base metal at the root of the weld is secured. The reduc-
tion of the thickness of the base metal due to the welding
process at the edges of the fillet weld shall meet the
same requirements as for butt welds.

1 It is not the intent of this paragraph to require measurement
of reductions in thickness due to the welding process. If a disagree-
ment between the Manufacturer and the Inspector exists as to
the acceptability of any reduction in thickness, the depth shall be
verified by actual measurement.

2 Concavity due to the welding process on the root side of a
single-welded circumferential butt weld is permitted when the
resulting thickness of the weld is at least equal to the thickness of
the thinner member of the two sections being joined and the con-
tour of the concavity is smooth.
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Table TF-220.3 Maximum Offset Values

Joint Categories

Section Thickness, mm (in.) A B, C, and D

Up to 13 (1⁄2), incl. 1⁄4t 1⁄4t
Over 13 (1⁄2) to 19 (3⁄4), incl. 3 mm (1⁄8 in.) 1⁄4t
Over 19 (3⁄4) to 38 (11⁄2), incl. 3 mm (1⁄8 in.) 5 mm (3⁄16 in.)

Table TF-220.4 Thickness of Weld Reinforcement

Maximum Reinforcement, mm (in.)

Category B and C
Material Nominal Thickness, mm (in.) Butt Welds Other Welds

Less than 2.5 (3⁄32) 2.5 (3⁄32) 0.8 (1⁄32)
2.5 (3⁄32) to 5 (3⁄16), incl. 3 (1⁄8) 1.5 (1⁄16)
Over 5 (3⁄16) to 13 (1⁄2), incl. 4 (5⁄32) 2.5 (3⁄32)
Over 13 (1⁄2) to 25 (1), incl. 5 (3⁄16) 2.5 (3⁄32)
Over 25 (1) to 50 (2), incl. 6 (1⁄4) 3 (1⁄8)

TF-220.6 Miscellaneous Welding Requirements

(a) The reverse side of double-welded joints shall be
prepared by chipping, grinding, or melting out, in order
to secure sound metal at the base of weld metal first
deposited, before applying weld metal from the
reverse side.

(b) The requirements in TF-220.6(a) are not intended
to apply to any process of welding by which proper
fusion and penetration are otherwise obtained and by
which the base of the weld remains free from defects.

(c) If the welding is stopped for any reason, extra care
shall be taken in restarting to get the required penetra-
tion and fusion. For submerged arc welding, chipping
out a groove in the crater is recommended.

(d) Where single-welded joints are used, particular
care shall be taken in aligning and separating the compo-
nents to be joined so that there will be complete penetra-
tion and fusion at the bottom of the joint for its full
length.

(e) In welding plug welds, a fillet around the bottom
of the hole shall be deposited first.

TF-220.7 Identification Markings or Records for
Welders and Welding Operators

(a) Each Welder and Welding Operator shall stamp
the identifying number, letter, or symbol assigned by
the Manufacturer, on or adjacent to and at intervals of
not more than 0.9 m (3 ft) along the welds that he makes
in steel plates 6 mm (1⁄4 in.) and greater in thickness
and in nonferrous plates 13 mm (1⁄2 in.) and greater in
thickness.

(b) When a multiple number of permanent structural
attachment welds, nonstructural welds, fillet welds,
socket welds, welds of specially designed seals, weld
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metal cladding, or hard surfacing welds are made on
an item, the Manufacturer need not identify the Welder
or Welding Operator who welded each individual joint,
provided

(1) the Manufacturer ’s Quality Control System
includes a procedure that will identify the Welders or
Welding Operators that made such welds on each vessel
or part so that the Inspector can verify that the Welders
or Welding Operators were all properly qualified

(2) the welds in each category are all of the same
type and configuration and are welded with the same
welding procedure specification

(c) Permanent identification of Welders or Welding
Operators making tack welds that become part of the
final pressure weld is not required, provided the Manu-
facturer’s Quality Control System includes a procedure
to permit the Inspector to verify that such tack welds
were made by qualified Welders or Welding
Operators, and

(1) the Manufacturer maintains a system that will
identify the Welders or Welding Operators who made
such welds on each item so that the Inspector can verify
that the Welders or Welding Operators were all properly
qualified

(2) the welds in each category are all of the same
type and configuration and are welded with the same
Welding Procedure Specification

(3) records shall be kept by the Manufacturer of
welders and welding operators employed on each joint,
which shall be available to the Inspector

(d) For identifying welds on pressure vessels in which
the wall thickness is less than 6 mm (1⁄4 in.) for steel
material and less than 13 mm (1⁄2 in.) for nonferrous
material, suitable stencil or other surface markings shall
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be used; or a record shall be kept by the Manufacturer
of Welders and Welding Operators employed on each
joint, which shall be available to the Inspector, or a stamp
may be used, provided the vessel part is not deformed
and the following additional requirements are met:

(1) For ferrous material
(a) the materials shall be limited to P-Nos. 1 and 2
(b) the minimum nominal plate thickness shall

be 4.8 mm (0.1875 in.) or the minimum nominal pipe
wall thickness shall be 3.9 mm (0.154 in.)

(c) the minimum design metal temperature shall
be no colder than −29°C (−20°F)

(2) For nonferrous materials
(a) the materials shall be limited to aluminum as

follows: SB-209 Alloys 3003, 5083, 5454, and 6061; SB-241
Alloys 3003, 5083, 5086, 5454, 6061, and 6063; and SB-247
Alloys 3003, 5083, and 6061

(b) the minimum nominal plate thickness shall
be 6.3 mm (0.249 in.), or the minimum nominal pipe
thickness shall be 3.4 mm (0.133 in.)

TF-220.8 Precautions to Be Taken Before Welding

(a) Identification, Handling, and Storing of Electrodes and
Other Welding Materials. The Manufacturer is responsible
for control of the welding electrodes and other materials
that are to be used in the fabrication of the vessel. Suit-
able identification, storage, and handling of electrodes,
flux, and other welding materials shall be maintained.

(b) Lowest Permissible Temperature for Welding. When
the base metal temperature is less than 0°C (32°F), the
base metal shall be preheated to at least 16°C (60°F)
and this minimum temperature be maintained during
welding. No welding shall be done when the surfaces
to be welded are wet or covered with ice, when snow
is falling on the surfaces, or during periods of high wind
unless the Welders and Welding Operators and the work
are protected against these conditions.

TF-220.9 Repair of Weld Defects

Defects, such as cracks, pinholes, and incomplete
fusion, detected visually or by hydrostatic or pneumatic
test or by the examinations prescribed in TE-220.2 shall
be removed by mechanical means or by thermal gouging
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process, after which the joint shall be rewelded [see
TF-220.10 and TF-700(e)].

TF-220.10 Surface Weld Metal Buildup

Construction in which weld metal are applied to the
surface of base metal for the purpose of:

(a) restoring the thickness of the base metal for
strength consideration, or

(b) modifying the configuration of weld joints in order
to provide the tapered transition requirements of
TW-130.2(c) and TF-220.3(b) shall be performed in accor-
dance with the following rules:

(1) A butt welding procedure qualification in accor-
dance with the provisions of Section IX must be per-
formed for the thickness of weld metal deposited, prior
to production welding.

(2) All weld metal buildup must be examined over
the full surface by either magnetic particle examination
to the requirements of TE-110.4, or by liquid-penetrant
examination to the requirements of TE-110.5.

When such surface weld buildup is used in welded
joints that require full- or spot-radiographic examina-
tion, the weld metal buildup shall be included in the
examination.

TF-220.11 Spin-Holes

Spin-holes are permitted at the center of heads to
facilitate forming. Spin-holes not greater than 23⁄8 in. in
diameter may be closed with a full-penetration weld
using either a welded plug or weld metal. The weld and
plug shall be not thinner than the head material adjacent
to the spin-hole.

The finished weld shall be examined3 and shall meet
the acceptance requirements of Appendix V or
Appendix VI of this Section. Radiographic examination,
if required by TE-230.1(a), and additional inspections,
if required by the material specification, shall be
performed.

This weld is a butt weld, but it is not categorized. It
shall not be considered in establishing the joint efficiency
of any part of the head or of the head-to-shell weld.

3 Examination shall be by magnetic particle or liquid penetrant
methods when the material is ferromagnetic, or by the liquid pene-
trant method when the material is nonmagnetic.
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Article TF-3
Requirements for Vessels Constructed of Carbon

and Low Alloy Steels

TF-300 GENERAL
The rules in Article TF-3 are applicable to pressure

vessels and parts that are constructed of carbon and low
alloy steels listed in Table TM-130.2-1 and shall be used
in conjunction with the general requirements in Article
TF-1 and with the requirements in Article TF-2 for
welded fabrication.

TF-310 FABRICATION

TF-310.1 Forming Shell Sections, Heads, and Other
Pressure Boundary Parts

The following provisions shall apply in addition to
the general rules for forming given in TF-120.1:

(a) Carbon and low alloy steel plates shall not be
formed cold by blows.

(b) Carbon and low alloy steel plates may be formed
by blows at a forging temperature, provided the blows
do not objectionably deform the plate and it is subse-
quently postweld heat treated.

(c) Vessel shell sections, heads, and other pressure
boundary parts of carbon and low alloy steel plates
fabricated by cold forming shall be heat treated subse-
quently (see TF-710) when the resulting extreme fiber
elongation is more than 5% from the as-rolled condition
and any of the following conditions exist:

(1) The tank will contain substances listed in
TW-100.1(a).

(2) The material requires impact testing.
(3) The thickness of the part before forming exceeds

16 mm (5⁄8 in.).
(4) The reduction by cold forming from the as-

rolled thickness is more than 10% at any location where
the extreme fiber elongation exceeds 5%.

(5) The temperature of the material during forming
is in the range of 120°C to 480°C (250°F to 900°F).

For P-No. 1 Group Nos. 1 and 2 materials the extreme
fiber elongation may be as great as 40% when none of
the conditions listed in TF-310.1(c)(1) through (c)(5)
exist. The extreme fiber elongation shall be determined
by the following equations:

For double curvature shells (e.g., heads)

percent extreme fiber elongation p
75t
Rf �1 −

Rf

Ro�
For single curvature shells (e.g., cylinders)
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percent extreme fiber elongation p
50t
Rf �1 −

Rf

Ro�
where

Rf p final centerline radius, mm (in.)
Ro p original centerline radius (equals infinity for

flat plate), mm (in).
t p plate thickness, mm (in.)

TF-310.2 Heat Treatment of Test Specimens

The following provisions shall apply in addition to,
or as exceptions to the general rules for heat treatment
and marking given in TM-140.2.

(a) Heat treatment as used in this Section shall include
all thermal treatments of the material during fabrication
exceeding 480°C (900°F) except as exempted below.

(b) The material used in the vessel shall be repre-
sented by test specimens, which have been subjected to
the same heat treatments above the lower transformation
temperature and postweld heat treatment, except as pro-
vided in TF-310.2(d), (e), (f), (g) and (h). The kind and
number of tests and test results shall be as required by
the material specification. The vessel Manufacturer shall
specify the temperature, time, and cooling rates to which
the material will be subjected during fabrication, except
as permitted in TF-310.2(g). Material from which the
specimens are prepared shall be heated at the specified
temperature within reasonable tolerances such as are
normal in actual fabrication. The total time at tempera-
ture shall be at least 80% of the total time at temperature
during actual heat treatment of the product and may be
performed in a single cycle.

(c) Thermal treatment of material is not intended to
include such local heating as thermal cutting, pre-
heating, welding, or heating below the lower transfor-
mation temperature of tubing and pipe for bending or
sizing.

(d) An exception to the requirements of TF-310.2(b)
and TM-140.2 shall apply to standard items. These may
be subject to postweld heat treatment with the tank or
tank part without the same treatment being required of
the test specimens. This exception shall not apply to
specially designed cast or wrought fittings.

(e) Materials conforming to one of the specifications
listed in P-No. 1 Group Nos. 1 and 2 of QW/QB-422 in
Section IX and all carbon and low alloy steels used in



2010 SECTION XII

the annealed condition as permitted by the material
specification are exempt from the requirements of
TF-310.2(b) when the heat treatment during fabrication
is limited to postweld heat treatment at temperatures
below the lower transformation temperature of the steel.

(f) Materials listed in QW/QB-422 of Section IX as
P-No. 1 Group 3 and P-No. 3 Group Nos. 1 and 2 that
are certified in accordance with TF-310.2(b) from test
specimens subjected to the postweld heat treatment
requirements of Table TF-710-1 need not be recertified
if subjected to the alternate postweld heat treatment
conditions permitted by Table TF-710-2.

(g) The simulation of cooling rates for test specimens
from nonimpact-tested materials 75 mm (3 in.) and less
in thickness is not required for heat treatments below
the lower transformation temperature.

(h) All thermal treatments that precede a thermal
treatment that fully austenitizes the material need not be
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accounted for by the specimen heat treatments, provided
the austenitizing temperature is at least as high as any
of the preceding thermal treatments.

TF-320 WELDED JOINTS

TF-320.1 Low Temperature Service

(a) Welded joints shall comply with TW-100.1(b)
when the minimum design temperature is colder than
−48°C (−55°F), unless the coincident ratio defined in
Fig. TM-240.3-1 is less than 0.35.

(b) Welded joints shall be postweld heat-treated in
accordance with the requirements of TF-700 when
required by other rules of this Section or when the mini-
mum design metal temperature is colder than −48°C
(−55°F), and the coincident ratio defined in
Fig. TM-240.3-1 is 0.35 or greater.
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Article TF-4
Requirements for Vessels Constructed

of High Alloy Steel

TF-400 GENERAL

The rules in Article TF-4 are applicable to pressure
vessels and parts that are constructed of high alloy steel
listed in Table TM-130.2-2 and shall be used in conjunc-
tion with the general requirements in Article TF-1 and
with the requirements in Article TF-2 for welded
fabrication.

TF-400.1 Uses

Some of the uses of high alloy steel are to resist corro-
sion, to avoid contamination of contents with iron, to
provide strength or scaling resistance at high tempera-
tures, and to provide impact resistance at low
temperatures.

TF-400.2 Conditions of Service

Specific chemical compositions, heat treatment proce-
dures, fabrication requirements, and supplementary
tests may be required to assure that the vessel will be
in its most favorable condition for the intended service.
This is particularly true for vessels subject to severe
corrosion. These rules do not indicate the selection of
an alloy suitable for the intended service or the corrosion
allowance to be provided. It is recommended that Users
assure themselves by appropriate tests, or otherwise,
that the high alloy steel selected and its heat treatment
during fabrication will be suitable for the intended ser-
vice both with respect to corrosion resistance and to
retention of satisfactory mechanical properties during
the desired service life.

TF-410 FABRICATION

TF-410.1 Weld Metal Composition

Welds that are exposed to the corrosive action of the
contents of the vessel should have a resistance to corro-
sion that is not substantially less than that of the base
metal. The use of filler metal that will deposit weld
metal with practically the same composition as the mate-
rial joined is recommended. When the Manufacturer is
of the opinion that a physically better joint can be made
by departure from these limits, filler metal of a different
composition may be used, provided the strength of the
weld metal at the operating temperature is not apprecia-
bly less than that of the high alloy material to be welded,
and the User is satisfied that its resistance to corrosion
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is satisfactory for the intended service. The columbium
content of weld metal shall not exceed 1%.

TF-410.2 Welded Joints

When radiographic examination is required for butt-
welded joints by TE-230.3, joints of Categories A and
B (see TW-130.3), shall be of Type Nos. (1) and (2) of
Table TW-130.4.

TF-410.3 Welding Procedure Qualification and
Performance Qualification

When higher tensile properties are permitted by the
Modal Appendices than those given in the material spec-
ification, a separate welding procedure qualification test
shall be performed to demonstrate the higher tensile
properties. Previously qualified welding procedures
may be used to requalify welding the material of the
same P-No. and Group No. designation of the lesser
strength. Any change of the P-No. or Group No. from
those used in the previous qualification shall require
retesting.

TF-410.4 Forming Shell Sections and Heads

(a) The following cold-formed parts of pressure-
retaining components manufactured of Types 201-1 or
201-2 (UNS designation S20100), Type 201LN (UNS des-
ignation S20153), or Type 204 (UNS designation S20400)
austenitic alloys shall be solution annealed by heating
at 1 065°C (1,950°F) for 0.8 min/mm (20 min/in.) of
thickness or 10 min, whichever is greater, followed by
rapid cooling (see Table TM-130.2-2 for specifications
and product forms produced to UNS designations
S20100, S20153, and S20400):

(1) all cold-formed heads
(2) all other pressure parts when the forming

strains exceeding 4%
(b) The forming strains shall be calculated as follows:

(1) cylinders formed from plate:

% strain p
50t
Rf �1 −

Rf

Ro�
(2) spherical or dished heads formed from plate:

% strain p
75t
Rf �1 −

Rf

Ro�
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(3) tube or pipe bends: the larger of

% strain p
100r
Ro

or

% strain p �tA − tB

tA � 100

where
r p nominal outside radius of pipe or tube

Rf p final centerline radius, in.
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Ro p original centerline radius (equals infinity for
flat plate), in.

t p plate thickness, in.
tA p measured average wall thickness of pipe or

tube
tB p measured minimum wall thickness of extrados

of the bend

(c) When forming strains cannot be calculated as
shown in TF-410.4(b), the Manufacturer shall have the
responsibility to determine the maximum forming
strain.
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Article TF-5
Requirements for Vessels Constructed of Nonferrous

Materials

TF-500 GENERAL
The rules in Article TF-5 are applicable to pressure

vessels and parts that are constructed of nonferrous
materials listed in Tables TM-130.2-3, TM-130.2-4,
TM-130.2-5, and TM-130.2-7 and shall be used in con-
junction with the general requirements in Article TF-1
and with the requirements for welded fabrication in
Article TF-2.

TF-500.1 Uses
Some of the uses of nonferrous materials are to resist

corrosion, to provide strength or scaling resistance at
high temperatures, and to provide notch toughness at
low temperatures.

TF-500.2 Conditions of Service
Specific chemical compositions, heat treatment proce-

dures, fabrication requirements, and supplementary
tests may be required to assure that the vessel will be
in its most favorable condition for the intended service.
This is particularly true for vessels subject to severe
corrosion. These rules do not indicate the selection of
nonferrous material suitable for the intended service or
the amount of the corrosion allowance to be provided.
It is recommended that Users assure themselves by
appropriate tests, or otherwise, that the nonferrous
material selected will be suitable for the intended use
both with respect to corrosion and to retention of satis-
factory mechanical properties during the desired service
life, taking into account any heating or heat treatment
that might be performed during fabrication.

TF-510 FABRICATION
TF-510.1 Forming of Shell Sections and Heads

(a) The following provisions shall apply in addition
to the general rules for forming given in TF-120.1.
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(1) The selected thickness of material shall be such
that the forming processes will not reduce the thickness
of the material at any point below the minimum value
required by the design computation.

(2) Relatively small local bulges and buckles may
be removed from formed parts for shells and heads by
hammering or by local heating and hammering.

(3) A shell section that has been formed by rolling
may be brought true-to-round for its entire length by
pressing, rolling, or hammering.

(b) Nonferrous materials can be formed and fabri-
cated into a variety of types of assemblies with the same
type of equipment as are used for steel. The details
of some fabricating procedures vary among the several
nonferrous materials and differ from those used for steel
because of differences in the inherent mechanical proper-
ties of these materials. Detailed information regarding
procedures best suited to the several metals may be
obtained from the literature of the materials producers
and from other reliable sources, such as the latest edi-
tions of handbooks issued by the American Welding
Society and the American Society for Metals.

TF-510.2 Cutting

In general, nonferrous materials cannot be cut by the
conventional oxyacetylene equipment commonly used
for steels. They may be melted and cut by the oxyacety-
lene, powder cutting, carbon arc, oxygen arc, and other
means. When such thermal means for cutting are
employed, a shallow contaminated area adjacent to the
cut results. This contamination shall be removed by
grinding, machining, and other mechanical means after
thermal cutting and prior to use or further fabrication.
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Article TF-6
Requirements for Vessels Constructed of Ferritic Steels That

Are Heat Treated to Enhance Tensile Properties

TF-600 GENERAL

(a) The rules in Article TF-6 apply specifically to the
fabrication of pressure vessels and parts that are con-
structed of heat treated ferritic steels listed in
Table TM-130.2-6, suitable for welding, whose tensile
properties have been enhanced by heat treatment, and
shall be used in conjunction with the general require-
ments for fabrication in Article TF-1 and, when applica-
ble, with the requirements in Article TF-2 for welded
fabrication.

(b) The heat treatment may be applied to the individ-
ual parts of a vessel prior to assembly by welding to
partially fabricated components, or to an entire vessel
after completion of welding. This Article is not intended
to apply to those steels approved for use under the
rules of Article TF-3, but which are furnished in such
thicknesses that heat treatment involving the use of
accelerated cooling, including liquid quenching, is used
to attain structures comparable to those attained by nor-
malizing thinner sections. Integrally forged vessels,
quenched and tempered, which do not contain welded
seams, are not intended to be covered by the rules of
this Article.

TF-610 FABRICATION
TF-610.1 Forming Shell Sections and Heads

The selected thickness of material shall be such that
the forming processes will not reduce the thickness of
the material at any point below the minimum value
required by the rules.

(a) Pieces that are formed after heat treatment at a
temperature lower than the final tempering shall be heat
treated in accordance with Table TF-740 when the
extreme fiber elongation from forming exceeds 5% as
determined by the formulas in TF-310.1.

(b) Pieces that are formed at temperatures equal to
or higher than the original tempering shall be reheat
treated in accordance with the applicable material speci-
fication, either before or after welding into the vessel.

TF-610.2 Heat Treatment

(a) All vessels and vessel parts shall be postweld heat
treated as required by TF-740.

(b) Identical heat treatment shall be applied to the
test specimens required by the material specifications,
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including the cooling rate specified by the fabricator,
which shall in no case be slower than that specified in
the applicable material specification.

(c) Furnaces for heating, quenching, normalizing, and
tempering shall be provided with suitable equipment
for the automatic recording of temperatures. The tem-
perature of the vessel or vessel part during the holding
period shall be recorded and shall be controlled within
±14°C (±25°F).

(d) Liquid quenching of flat plates and individual
parts shall be done as required by the applicable material
specifications.

(e) Formed plates for shell sections and heads may
be quenched by sprays or immersion.

(f) Entire tanks, after completion of all welding opera-
tions, may be quenched by sprays or immersion.

(g) The design and operation of spray equipment and
the size of holding tanks and provisions for forced circu-
lation shall be such as to produce a severity of quench
in the quenched item sufficient to meet, in representative
test specimens after tempering, the requirements of the
material specifications.

TF-610.3 Heat Treatment Verification Tests

(a) Tests shall be made to verify that the heat treat-
ments and subsequent thermal treatments performed by
the fabricator have produced the required properties.

(b) One or more test coupons representative of the
material and the welding in each vessel or vessel compo-
nent shall be heat treated with the vessel or vessel com-
ponent. The requirements of TF-610.3(d) and (e) are to
be taken as minimum steps toward these objectives.

(c) All test specimens shall be prepared from the
material in its final heat-treated condition or from full
thickness samples of the same heat similarly and simul-
taneously heat treated. Test samples shall be of such
size that the prepared test specimens are free from any
change in properties due to edge effects.

(d) Heat Treatment of Test Coupons
(1) One or more test coupons from each lot of mate-

rial in each vessel shall be quenched with the vessel or
vessel component. A lot is defined as material from the
same melt, quenched or normalized simultaneously, and
whose thicknesses are within ±20% or 13 mm (1⁄2 in.) of
nominal thickness, whichever is smaller. The test cou-
pons shall be so proportioned that tensile and impact
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tests may be taken from the same locations relative to
thickness as are required by the applicable material spec-
ifications. Weld metal tests shall be taken from the same
locations relative to thickness as are required by the
material specification for plates used in the component
to be treated. The gage length of tensile specimens and
the middle third of the length of impact specimens must
be located at a minimum distance of t from the quenched
edge and/or end of the test coupon, where t is the
thickness of the material that the test coupon represents.
If desired, the effect of this distance may be achieved
by temporary attachment of suitable thermal buffers.
The effectiveness of such buffers shall be demonstrated
by tests.

(2) In cases where the test coupon is not attached
to the part being treated, it shall be quenched from the
same heat treatment charge and under the conditions
as the part that it represents. It shall be so proportioned
that the test specimens may be taken from the locations
prescribed in TF-610.3(d)(1).

(e) Tempering
(1) Attached Test Coupons. The coupons shall remain

attached to the vessel or vessel component during tem-
pering, except that any thermal buffers may be removed
after quenching. After the tempering operation and after
removal from the component, the coupon shall be sub-
jected to the same thermal treatments, if any, to which
the tank or tank component will be later subjected. The
holding time at temperature shall not be less than that
applied to the vessel or vessel component (except that
the total time at each temperature may be applied in
one heating cycle) and the cooling rate shall be no faster.

(2) Separate Test Coupons. Test coupons that are
quenched separately as described in TF-610.3(d)(2) shall
be tempered similarly and simultaneously with the ves-
sel or vessel component that they represent. The condi-
tions for subjecting the test coupons to subsequent
thermal treatment(s) shall be as described in
TF-610.3(d)(1).

(f) Number of Tests. One tensile test and one impact
test shall be made on material from coupons represent-
ing each lot of material in each tank or tank component
heat treated. A lot is defined as material from the same
melt quenched simultaneously and whose thicknesses
are within ±20% or 13 mm (1⁄2 in.) of nominal thickness,
whichever is smaller.

(1) Coupons not containing welds shall meet the
complete tensile requirements of the material specifica-
tion and impact requirements of this Article.

(2) Coupons containing weld metal shall be tested
across the weld and shall meet the ultimate tensile
strength requirements of the material specifications. In
addition, the minimum impact requirements shall be
met by samples with notches in the weld metal. The
form and dimension of the tensile test specimen shall
conform to QW-462.1(d) of Section IX. Yield strength
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and elongation are not a requirement of this test. Charpy
impact testing shall be in accordance with the require-
ments prescribed in this Article.

TF-610.4 Welded Joints

(a) In vessel or vessel parts constructed of heat treated
steels covered by this Article, except as permitted in
TF-610.4(b), all joints of Categories A, B, and C, as
defined in TW-130.3, and all other welded joints between
parts of the pressure-containing enclosure that are not
defined by the Category designations shall be in accor-
dance with Type No. (1) of Table TW-130.4. All joints of
Category D shall be in accordance with Type No. (1) of
Table TW-130.4 and Fig. TW-130.7-1 when the thickness
is 51 mm (2 in.) or less.

(b) For materials SA-333 Grade 8, SA-334 Grade 8,
SA-353, SA-522, SA-553, and SA-645, the joints of various
Categories (see TW-130.3) shall be as follows:

(1) All joints of Category A shall be Type No. (1)
of Table TW-130.4.

(2) All joints of Category B shall be Type No. (1)
or (2) of Table TW-130.4.

(3) All joints of Category C shall be full-penetration
welds extending through the entire section at the
welded joint.

(4) All joints of Category D attaching a nozzle neck
to the tank wall and to the reinforcing pad, if used, shall
be full-penetration groove welds.

TF-610.5 Welding

(a) The qualification of the welding procedure and
the welders shall conform to the requirements of Section
IX and such qualification tests shall be performed on
postweld heat-treated specimens when a postweld heat
treatment is used.

(b) Filler metal containing more than 0.06% vanadium
shall not be used for weldments subject to postweld heat
treatment.

(c) For welded pressure vessels, the welds of which
are not subject to quenching or normalizing followed
by tempering, the deposited weld metal and the heat-
affected zone shall meet the impact test requirements of
TM-260.3(a).

(d) Certain materials are exempt from production
impact tests of weld metal. See TM-260.3(b) for the mate-
rials and the conditions under which these materials are
exempt from production impact tests of the weld metal.

(e) For SA-517 and SA-592 materials, the requirements
of TF-610.5(e)(1), (2), (3), (4), and (5), in addition to the
variables in Section IX QW-250, shall be considered as
essential variables requiring requalification of the weld-
ing procedure:

(1) a change in filler metal SFA classification or to
weld metal not covered by an SFA specification.

(2) an increase in the interpass temperature or a
decrease in the minimum specified preheat temperature.
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The specified range between the preheat and interpass
temperature shall not exceed 83°C (150°F).

(3) a change in the heat treatment. (Procedure quali-
fication tests shall be subjected to heat treatment essen-
tially equivalent to that encountered in fabrication of
the vessel or vessel parts including the maximum total
aggregate time at temperature or temperatures and cool-
ing rates.)

(4) a change in the type of current (AC or DC),
polarity, or a change in the specified range for amp, volt,
or travel speed.

(5) consumables control, drying, storage, and expo-
sure requirements shall be in accordance with the
following:

(a) Due consideration shall be given to the pro-
tection of electrodes and fluxes for all welding processes
in order to minimize moisture absorption and surface
contamination.

(b) Electrodes for shielded metal arc welding
shall be low-hydrogen type conforming to SFA-5.5. Elec-
trodes shall be purchased or conditioned so as to have
a coating moisture not greater than 0.2% by weight.
Once opened, electrode storage and handling must be
controlled so as to minimize absorption of moisture from
the ambient atmosphere. Practices used for controlling
the moisture shall be developed by the vessel
Manufacturer or those recommended by the electrode
Manufacturer.

(f ) When welding materials with austenitic elec-
trodes, the differences between the coefficients of expan-
sion and the strengths of the base material and the weld
metal should be carefully considered, particularly for
applications involving cyclic stresses.

TF-610.6 Methods of Metal Removal

(a) Plate edges, welding bevels, chamfering, and other
operations involving the removal of metal shall be by
machining, chipping, or grinding, except as provided in
TF-610.6(b).

(b) When metal removal is accomplished by methods
involving melting, such as gas cutting or arc-air gouging,
it shall be done with due precautions to avoid cracking.
Where the cut surfaces are not to be subsequently elimi-
nated by fusion with weld deposits, they shall be
removed by machining or grinding to a depth of at least
1.5 mm (1⁄16 in.) followed by inspection by magnetic
particle or liquid-penetrant methods.
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TF-610.7 Weld Finish

The requirements of TF-220.4(a) shall be met, except
that for SA-517 material the maximum weld reinforce-
ment shall not exceed 10% of the plate thickness or 3 mm
(1⁄8 in.), whichever is less. The edge of the weld deposits
shall merge smoothly into the base metal without under-
cuts or abrupt transitions. This requirement shall apply
to fillet and groove welds as well as to butt welds.

TF-610.8 Structural and Temporary Welds

(a) Welds for pads, lifting lugs, and other nonpressure
parts, as well as temporary lugs for alignment, shall be
made by qualified welders in full compliance with a
qualified welding procedure.

(b) Temporary welds shall be removed and the metal
surface shall be restored to a smooth contour. The area
shall be inspected by magnetic particle or liquid-pene-
trant method for the detection and elimination of cracks.
If repair welding is required, it shall be in accordance
with qualified procedures and the finished weld surface
shall be inspected as required in this Article. Temporary
welds and repair welds shall be considered the same
as all other welds so far as requirements for qualified
operators and procedures and for heat treatment are
concerned.

TF-610.9 Marking on Plates and Other Materials

Any steel stamping shall be done with “low stress”
stamps as commercially available. Steel stamping of all
types may be omitted on material below 13 mm (1⁄2 in.) in
thickness. Where die-stamping is prohibited for material
identification, and where so specified by the user, the
materials manufacturer shall mark the required data on
the plates in a manner that will allow positive identifica-
tion upon delivery. The markings must be recorded so
that each plate will be positively identified in its position
in the completed tank to the satisfaction of the Inspector.

TF-610.10 Joint Alignment

The requirements of TF-220.3 shall be met, except that
the following maximum permissible offset values shall
be used in place of those given in Table TF-220.3.

Joint Direction

Section Thickness, mm (in.) Longitudinal Circumferential

Up to 13 (1⁄2), incl. 0.2t 0.2t
Over 13 (1⁄2) to 24 (15⁄16), incl. 2.5 mm (3⁄32 in.) 0.2t
Over 24 (15⁄16) to 38 (11⁄2), incl. 2.5 mm (3⁄32 in.) 5 mm (3⁄16 in.)
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Article TF-7
Postweld Heat Treatment of Weldments

TF-700 PROCEDURES FOR POSTWELD HEAT
TREATMENT

(a) The operation of postweld heat treatment shall be
performed using one of the following procedures. In the
procedures that follow, the soak band is defined as the
volume of metal required to meet or exceed the mini-
mum PWHT temperatures listed in Tables TF-710-1,
TF-710-2, TF-720, and TF-740. As a minimum, the soak
band shall contain the weld, heat-affected zone, and a
portion of base metal adjacent to the weld being heat
treated. The minimum width of this volume is the widest
width of weld plus t or 50 mm (2 in.), whichever is less,
on each side or end of the weld. The term t is the nominal
thickness as defined in TF-700(f).

(1) Heating the Vessel as a Whole in an Enclosed
Furnace. This procedure is preferable and should be used
whenever possible.

(2) Heating the Vessel in More Than One Heat in a
Furnace, Provided the Overlap of the Heated Sections of the
Tank Is at Least 1.5 m (5 ft). When this procedure is used,
the portion outside of the furnace shall be shielded so
that the temperature gradient is not harmful. The cross
section where the tank projects from the furnace shall
not intersect a nozzle or other structural discontinuity.

(3) Heating of Shell Sections and/or Portions of Vessels
to Postweld Heat Treat Longitudinal Joints or Complicated
Welded Details Before Joining to Make the Completed Vessel.
When the vessel is required to be postweld heat treated,
and it is not practicable to postweld heat treat the com-
pleted tank as a whole or in two or more heats as pro-
vided in TF-700(a)(2), any circumferential joints not
previously postweld heat treated may be thereafter
locally postweld heat treated by heating such joints by
any appropriate means that will assure the required
uniformity. For such local heating, the soak band shall
extend around the full circumference. The portion out-
side the soak band shall be protected so that the tempera-
ture gradient is not harmful. This procedure may also
be used to postweld heat treat portions of new tanks
after repairs.

(4) Heating the Vessel Internally by Any Appropriate
Means and With Adequate Indicating and Recording Temper-
ature Devices to Aid in the Control and Maintenance of
a Uniform Distribution of Temperature in the Tank Wall.
Previous to this operation, the vessel should be fully
enclosed with insulating material, or the permanent
insulation may be installed, provided it is suitable for
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the required temperature. In this procedure the internal
pressure should be kept as low as practicable, but shall
not exceed 50% of the maximum allowable working
pressure at the highest metal temperature expected dur-
ing the postweld heat treatment period.

(5) Heating a Circumferential Band Containing Nozzles
or Other Welded Attachments That Require Postweld Heat
Treatment in Such a Manner That the Entire Band Shall Be
Brought Up Uniformly to the Required Temperature and Held
for the Specified Time. Except as modified in the paragraph
below, the soak band shall extend around the entire
vessel and shall include the nozzle or welded attach-
ment. The circumferential soak band width may be var-
ied away from the nozzle or attachment weld requiring
PWHT, provided the required soak band around the
nozzle or attachment weld is heated to the required
temperature and held for the required time. As an alter-
native to varying the soak band width, the temperature
within the circumferential band away from the nozzle
or attachment may be varied and need not reach the
required temperature, provided the required soak band
around the nozzle or attachment weld is heated to the
required temperature, held for the required time and
the temperature gradient is not harmful throughout the
heating and cooling cycle. The portion of the vessel
outside of the soak band shall be protected so that the
temperature gradient is not harmful. This procedure
may also be used to postweld heat treat portions of
vessels after repairs.

(6) Heating the Circumferential Joints of Pipe or Tubing
by Any Means Using a Soak Band That Extends Around the
Entire Circumference. The portion outside the soak band
shall be protected so that the temperature gradient is
not harmful. The proximity to the shell increases thermal
restraint and the designer should provide adequate
length to permit heat treatment without harmful gradi-
ents at the nozzle attachment or heat a full circumferen-
tial band around the shell, including the nozzle.

(7) Heating a Local Area Around Nozzles or Welded
Attachments in the Larger Radius Sections of a Double
Curvature Head or a Spherical Shell or Head in Such a Man-
ner That the Area Is Brought Uniformly to the Required
Temperature and Held for the Specified Time. The soak band
shall include the nozzle or welded attachment. The soak
band shall include a circle that extends beyond the edges
of the attachment weld in all directions by a minimum
of t or 51 mm (2 in.), whichever is less. The portion of
the vessel outside of the soak band shall be protected
so that the temperature gradient is not harmful.
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(8) Heating of Other Configurations. Local area heat-
ing of other configurations not addressed in TF-700(a)(1)
through TF-700(a)(7) is permitted, provided that other
measures (based upon sufficiently similar, documented
experience or evaluation) are taken that consider the
effect of thermal gradients, all significant structural dis-
continuities (such as nozzles, attachments, head to shell
junctures), and any mechanical loads that may be present
during PWHT. The portion of the vessel or component
outside the soak band shall be protected so that the
temperature gradient is not harmful.

(b) The temperatures and rates of heating and cooling
to be used in postweld heat treatment of tanks con-
structed of materials for which postweld heat treatment
may be required are given in TF-710, TF-720, TF-730,
and TF-740.

(c) The minimum temperature for postweld heat
treatment given in Tables TF-710-1, TF-710-2, TF-720,
and TF-740 shall be the minimum temperature of the
plate material of the shell or head of any tank. Where
more than one vessel or vessel part are postweld heat
treated in one furnace charge, thermocouples shall be
placed on the vessels at the bottom, center, and top of
the charge, or in other zones of possible temperature
variation so that the temperature indicated shall be true
temperature for all vessels or vessel parts in those zones.

(d) When pressure parts of two different P-Number
Groups are joined by welding, the postweld heat treat-
ment shall be that specified according to either TF-710
or TF-720, for the material being joined requiring the
higher postweld heat treatment temperature.

(e) Postweld heat treatment, when required, shall be
done before the hydrostatic test and after any welded
repairs, except as permitted by TF-710(f). A preliminary
hydrostatic test to reveal leaks prior to postweld heat
treatment is permissible.

(f) The term nominal thickness as used in referenced
tables is the thickness of the welded joint as defined
below. For vessels or parts of vessels being postweld
heat treated in a furnace charge, it is the greatest weld
thickness in any vessel or vessel part that has not pre-
viously been postweld heat treated.

(1) When the welded joint connects parts of the
same thickness, using a full penetration buttweld, the
nominal thickness is the total depth of the weld exclusive
of any permitted weld reinforcement.

(2) For groove welds, the nominal thickness is the
depth of the groove.

(3) For fillet welds, the nominal thickness is the
throat dimension. If a fillet weld is used in conjunction
with a groove weld, the nominal thickness is the depth
of the groove or the throat dimension, whichever is
greater.
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(4) For stud welds, the nominal thickness shall be
the diameter of the stud.

(5) When a welded joint connects parts of unequal
thicknesses, the nominal thickness shall be the following:

(a) the thinner of two adjacent buttwelded parts
including head to shell connections

(b) the thickness of the shell or the fillet weld,
whichever is greater, in connections to intermediate
heads of the type shown in Fig. TW-130.5-1, sketch (f)

(c) the thickness of the shell in connections to
tubesheets, flat heads, covers, flanges, or similar
constructions

(d) in Figs. TW-140.2-1 and TW-140.2-2, the thick-
ness of the weld across the nozzle neck, shell, head, or
reinforcing pad or attachment fillet weld, whichever is
the greater

(e) the thickness of the nozzle neck at the joint
in nozzle neck to flange connections

(f) the thickness of the weld at the point of attach-
ment when a nonpressure part is welded to a pres-
sure part

(g) the thickness of the weld in tube-to-tubesheet
connections

The thickness of the head, shell or nozzle neck, or
other parts as used above shall be the wall thickness of
the part at the welded joint under consideration.

(6) For repairs, the nominal thickness is the depth
of the repair weld.

TF-710 REQUIREMENTS FOR CARBON AND LOW
ALLOY STEELS

(a) Except as otherwise specifically provided in the
Notes to Tables TF-710-1 and TF-710-2, all welds in ves-
sels or vessel parts shall be given a postweld heat treat-
ment at a temperature not less than specified in those
tables when the nominal thickness, as defined in
TF-700(f), including corrosion allowance, exceeds the
limits in those tables. The exceptions provided in Tables
TF-710-1 or TF-710-2 are not permitted when postweld
heat treatment is a service requirement, when welding
ferritic materials greater than 3 mm (1⁄8 in.) thick with
the electron beam process, or when welding P-No. 3 and
P-No. 10 materials of any thickness using the inertia and
continuous drive friction welding processes. Electroslag
welds in ferritic materials over 38 mm (11⁄2 in.) thickness
at the joint shall be given a grain refining (austenitizing)
heat treatment. Electrogas welds in ferritic materials
with any single pass greater than 38 mm (11⁄2 in.) shall
be given a grain-refining (austenitizing) heat treatment.
For P-No. 1 materials only, the heating and cooling rate
restrictions of TF-710(d)(2) and (d)(5) do not apply when
the heat treatment following welding is in the austenitiz-
ing range. The materials in Table TF-710-1 are listed in
accordance with Section IX P-Number material group-
ings of QW/QB-422.
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Table TF-710-1 Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels
(See Table TM-130.2-1)

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-700(f)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 1 595 (1,100) 1 hr/25 mm 2 hr plus 15 min for each additional 2 hr plus 15 min for
Gr. Nos. 1, 2, 3 (1 in.), 15 min 25 mm (1 in.) over 50 mm (2 in.) each additional 25

minimum mm (1 in.) over 50
mm (2 in.)

Gr. No. 4 NA None None None

NOTES:
(1) When it is impractical to postweld heat treat at the temperature specified in this table, it is permissible to carry out the postweld heat

treatment at lower temperatures for longer periods of time in accordance with Table TF-710-2.
(2) Postweld heat treatment is mandatory under the following conditions:

(a) for welded joints over 38 mm (11⁄2 in.) nominal thickness
(b) for welded joints over 32 mm (11⁄4 in.) nominal thickness through 11⁄2 in. (38 mm) nominal thickness unless preheat is applied at

a minimum temperature of 95°C (200°F) during welding
(c) for welded joints of all thicknesses if required by TW-100.2, except postweld heat treatment is not mandatory under the conditions

specified below:
(1) for groove welds not over 13 mm (1⁄2 in.) size and fillet welds with a throat not over 13 mm (1⁄2 in.) that attach nozzle connections

that have a finished inside diameter not greater than 50 mm (2 in.), provided the connections do not form ligaments that require an
increase in shell or head thickness, and preheat to a minimum temperature of 95°C (200°F) is applied.

(2) for groove welds not over 13 mm (1⁄2 in.) in size or fillet welds with a throat thickness of 13 mm (1⁄2 in.) or less that attach tubes
to a tubesheet when the tube diameter does not exceed 50 mm (2 in.). A preheat of 95°C (200°F) minimum must be applied when the
carbon content of the tubesheet exceeds 0.22%.

(3) for groove welds not over 13 mm (1⁄2 in.) in size or fillet welds with a throat thickness of 13 mm (1⁄2 in.) or less used for attaching
nonpressure parts to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied when the thickness of the
pressure part exceeds 32 mm (11⁄4 in.).

(4) for studs welded to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied when the thickness
of the pressure part exceeds 32 mm (11⁄4 in.).

NA p not applicable

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-700(f)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 3 595 (1,100) 1 hr/25 mm (1 in.), 2 hr plus 15 min for each additional 2 hr plus 15 min for
Gr. Nos. 1, 2, 3 15 min minimum 25 mm (1 in.) over 50 mm (2 in.) each additional 25

mm (1 in.) over 50
mm (2 in.)

NOTES:
(1) When it is impractical to postweld heat treat at the temperatures specified in this table, it is permissible to carry out the postweld heat

treatment at lower temperatures for longer periods of time in accordance with Table TF-710-2.
(2) Postweld heat treatment is mandatory on P-No. 3 Gr. No. 3 material in all thicknesses.
(3) Except for the exemptions in Note (4), postweld heat treatment is mandatory under the following conditions:

(a) on P-No. 3 Gr. No. 1 and P-No. 3 Gr. No. 2 over 16 mm (5⁄8 in.) nominal thickness. For these materials, postweld heat treatment is
mandatory on material up to and including 16 mm (5⁄8 in.) nominal thickness unless a welding procedure qualification described in TF-
710(a) has been made in equal or greater thickness than the production weld.

(b) on material in all thicknesses if required by TW-100.2.
(4) For welding connections and attachments to pressure parts, postweld heat treatment is not mandatory under the conditions specified below:

(a) for attaching to pressure parts that have a specified maximum carbon content of not more than 0.25% (SA material specification
carbon content, except when further limited by the purchaser to a value within the specification limits) or nonpressure parts with groove
welds not over 13 mm (1⁄2 in.) in size or fillet welds that have a throat thickness of 13 mm (1⁄2 in.) or less, provided preheat to a minimum
temperature of 95°C (200°F) is applied

(b) for circumferential butt welds in pipe or tube where the pipe or tube have both a nominal wall thickness of 13 mm (1⁄2 in.) or less
and a specified maximum carbon content of not more than 0.25% (SA material specification carbon content, except when further limited
by the purchaser to a value within the specification limits)

(c) for studs welded to pressure parts that have a specified maximum carbon content of not more than 0.25% (SA material specification
carbon content, except when further limited by the purchaser to a value within the specification limits) provided preheat to a minimum
temperature of 95°C (200°F) is applied
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Table TF-710-1 Postweld Heat Treatment Requirements for Carbon and
Low Alloy Steels (Cont’d)

Minimum Holding Time at Normal Temperature
Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]

P-No. 9A 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

NOTES:
(1) When it is impractical to postweld heat treat at the temperature specified in this table, it is permissible to carry out the postweld heat

treatment at lower temperatures [540°C (1,000°F) minimum] for longer periods of time in accordance with Table TF-710-2.
(2) Except for exemptions in Note (3), postweld heat treatment is mandatory under the following conditions:

(a) on material over 16 mm (5⁄8 in.) nominal thickness. For material up to and including 16 mm (5⁄8 in.) nominal thickness, postweld
heat treatment is mandatory unless a welding procedure qualification described in TF-710(a) has been made in equal or greater thickness
than the production weld.

(b) on material of all thicknesses if required by TW-100.2.
(3) Postweld heat treatment is not mandatory under conditions specified below:

(a) for circumferential butt welds in pipe or tubes where the pipe or tubes comply with all the following conditions:
(1) a maximum nominal outside diameter of 100 mm (4 in.) (DN 100)
(2) a maximum thickness of 13 mm (1⁄2 in.)
(3) a maximum specified carbon content of not more than 0.15% (SA material specification carbon content, except when further

limited by the purchaser to a value within the specification limits)
(4) a minimum preheat of 120°C (250°F)

(b) for pipe or tube materials meeting the requirements of (3)(a)(1), (3)(a)(2), and (3)(a)(3) above, having attachments fillet welded to
them, provided:

(1) the fillet welds have a throat thickness of 13 mm (1⁄2 in.) or less.
(2) the material is preheated to 120°C (250°F) minimum. A lower preheating temperature may be used provided specifically controlled

procedures necessary to produce sound welded joints are used. Such procedures shall include but shall not be limited to the following:
(a) The throat thickness of fillet welds shall be 13 mm (1⁄2 in.) or less.
(b) The maximum continuous length of fillet welds shall be not over 100 mm (4 in.).
(c) The thickness of the test plate used in making the welding procedure qualification of Section IX shall not be less than that of

the material to be welded.
(c) for attaching nonpressure parts to pressure parts with groove welds not over 13 mm (1⁄2 in.) in size or fillet welds that have a throat

thickness of 13 mm (1⁄2 in.) or less, provided preheat to a minimum temperature of 95°C (200°F) is applied
(d) for studs welded to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied

(4) When the heating rate is less than 10°C (50°F)/hr between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm
(1 in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.
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Table TF-710-1 Postweld Heat Treatment Requirements for Carbon and
Low Alloy Steels (Cont’d)

Minimum Holding Time at Normal Temperature
Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]

P-No. 9B 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

NOTES:
(1) When it is impractical to postweld heat treat at the temperatures specified in this table, it is permissible to carry out the postweld heat

treatment at lower temperatures [540°C (1,000°F) minimum] for longer periods of time in accordance with Table TF-710-2.
(2) The holding temperature for postweld heat treatment shall not exceed 635°C (1,175°F).
(3) Except for exemptions in Note (4), postweld heat treatment is mandatory under the following conditions:

(a) on material over 16 mm (5⁄8 in.) nominal thickness. For material up to and including 16 mm (5⁄8 in.) nominal thickness, postweld
heat treatment is mandatory unless a welding procedure qualification described in TF-710(a) has been made in equal or greater thickness
than the production weld.

(b) on material of all thicknesses if required by TW-100.2.
(4) Postweld heat treatment is not mandatory under the conditions specified below:

(a) for attaching nonpressure parts to pressure parts with groove welds not over 13 mm (1⁄2 in.) in size or fillet welds that have a throat
thickness of 13 mm (1⁄2 in.) or less, provided preheat to a minimum temperature of 95°C (200°F) is applied

(b) for studs welded to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied
(5) When the heating rate is less than 10°C (50°F)/hr between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm

(1 in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.

Minimum Holding Time at Normal Temperature
Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]

P-No. 10A 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

NOTES:
(1) (a) When it is impractical to postweld heat treat at the temperature specified in this table, it is permissible to carry out the postweld

heat treatment at lower temperatures for longer periods of time in accordance with Table TF-710-2.
(b) Consideration should be given for possible embrittlement of materials containing up to 0.15% vanadium when postweld heat

treating at the minimum temperature and at lower temperature for longer holding times.
(2) Except for exemptions in Note (3), postweld heat treatment is mandatory under the following conditions:

(a) on all thicknesses of SA-487 Class 1Q material.
(b) on all other P-No. 10A materials over 16 mm (5⁄8 in.) nominal thickness. For these materials up to and including 16 mm (5⁄8 in.)

nominal thickness, postweld heat treatment is mandatory unless a welding procedure qualification described in TF-710(a) has been made
in equal or greater thickness than the production weld.

(c) on material of all thicknesses if required by TW-100.2.
(3) Postweld heat treatment is not mandatory under the conditions specified below:

(a) for attaching to pressure parts that have a specified maximum carbon content of not more than 0.25% (SA material specification
carbon content, except when further limited by the purchaser to a value within the specification limits) or nonpressure parts with groove
weld not over 13 mm (1⁄2 in.) in size or fillet welds having a throat thickness of 13 mm (1⁄2 in.) or less, provided preheat to a minimum
temperature of 95°C (200°F) is applied

(b) for circumferential butt welds in pipes or tube where the pipe or tube has both a nominal wall thickness of 13 mm (1⁄2 in.) or less
and a specified maximum carbon content of not more than 0.25% (SA material specification carbon content, except when further limited
by purchaser to a value within the specification limits) provided preheat to a minimum temperature of 95°C (200°F) is applied

(c) for studs welded to pressure parts that have a specified maximum carbon content of not more than 0.25% (SA material specification
carbon content, except when further limited by purchaser to a value within the specification limits) provided preheat to a minimum
temperature of 200°F (95°C) is applied

(4) When the heating rate is less than 10°C (50°F)/hr between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm
(1 in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.

136



2010 SECTION XII

Table TF-710-1 Postweld Heat Treatment Requirements for Carbon and
Low Alloy Steels (Cont’d)

Minimum Holding Time at Normal Temperature
Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]

P-No. 10B 595 (1,100) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

NOTES:
(1) Postweld heat treatment is mandatory for P-No. 10B materials for all thicknesses.
(2) When the heating rate is less than 10°C (50°F)/hr between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm

(1 in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.

Minimum Holding Time at Normal Temperature
Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]

P-No. 10C 540 (1,000) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

NOTES:
(1) When it is impractical to postweld heat treat at the temperatures specified in this table, it is permissible to carry out the postweld heat

treatment at lower temperatures for longer periods of time in accordance with Table TF-710-2.
(2) Except for exemptions in Note (3), postweld heat treatment is mandatory under the following conditions:

(a) for material over 38 mm (11⁄2 in.) nominal thickness. Postweld heat treatment is mandatory on materials over 32 mm (11⁄4 in.)
nominal thickness through 38 mm (11⁄2 in.) nominal thickness unless preheat is applied at a minimum temperature of 95°C (200°F) during
welding.

(b) on material of all thicknesses if required by TW-100.2.
(3) Postweld heat treatment is not mandatory under the conditions specified below:

(a) for groove welds not over 13 mm (1⁄2 in.) in size and fillet welds with throat not over 13 mm (1⁄2 in.) that attach nozzle connections
that have a finished inside diameter not greater than 50 mm (2 in.) provided the connections do not form ligaments that require an
increase in shell or head thickness and preheat to a minimum temperature of 95°C (200°F) is applied

(b) for groove welds not over 13 mm (1⁄2 in.) in size or fillet welds having throat thickness of 13 mm (1⁄2 in.) or less used for attaching
nonpressure parts to pressure parts and preheat to a minimum temperature of 95°C (200°F) is applied when the thickness of the pressure
part exceeds 32 mm (11⁄4 in.)

(c) for studs welded to pressure parts provided preheat to a minimum temperature of 95°C (200°F) is applied when the thickness of
the pressure part exceeds 32 mm (11⁄4 in.)

(4) When the heating rate is less than 10°C (50°F)/hr between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm
(1 in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.

Minimum Holding Time at Normal Temperature
Material Minimum Normal Holding Temperature, °C (°F) for Nominal Thickness [See TF-700(f)]

P-No. 10F 540 (1,000) 1 hr minimum, plus 15 min/25 mm (1 in.) for
Gr. No. 1 thickness over 25 mm (1 in.)

NOTES:
(1) Postweld heat treatment is mandatory for P-No. 10F materials for all thicknesses.
(2) When the heating rate is less than 10°C (50°F)/hr between 425°C (800°F) and the holding temperature, the additional 15 min/25 mm

(1 in.) holding time is not required. Additionally, where the manufacturer can provide evidence that the minimum temperature has been
achieved throughout the thickness, the additional 15 min/25 mm (1 in.) holding time is not required.
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Table TF-710-2 Alternative Postweld Heat
Treatment Requirements for Carbon and Low

Alloy Steels (Applicable Only When Permitted in
Table TF-710-1)

Minimum Holding Time
Decrease in Temperature Below at Decreased Temperature,

Minimum Specified Temperature, °C hr
(°F) [Note (1)]

10 (50) 2
38 (100) 4
85 (150) [Note (2)] 10

110 (200) [Note (2)] 20

NOTES:
(1) Minimum holding time for 25 mm (1 in.) thickness or less. Add

15 min per mm (1 in.) of thickness for thicknesses greater than
25 mm (1 in.).

(2) These lower postweld heat treatment temperatures permitted
only for P-No. 1 Gr. Nos. 1 and 2 materials.

(b) Except where prohibited in Table TF-710-1, hold-
ing temperatures and/or holding times in excess of the
minimum values given in Table TF-710-1 may be used.
Intermediate postweld heat treatments need not con-
form to the requirements of Table TF-710-1. The holding
time at temperature as specified in Table TF-710-1 need
not be continuous. It may be an accumulation of time
of multiple postweld heat treatment cycles.

(c) When pressure parts of two different P-Number
groups are joined by welding, the postweld heat treat-
ment shall be that specified in either of Tables TF-710-1
or TF-720, with applicable notes, for the material requir-
ing the higher postweld heat treat temperature. When
nonpressure parts are welded to pressure parts, the post-
weld heat treatment temperature of the pressure part
shall control.

(d) The operation of postweld heat treatment shall be
carried out by one of the procedures given in TF-700 in
accordance with the following requirements:

(1) The temperature of the furnace shall not exceed
425°C (800°F) at the time the vessel or part is placed
into it.

(2) Above 425°C (800°F), the rate of heating shall
be not more than 220°C/h (400°F/hr) divided by the
maximum metal thickness of the shell or head plate in
inches, but in no case more than 220°C/h (400°F/hr).
During the heating period there shall not be a greater
variation in temperature throughout the portion of the
vessel being heated than 140°C (250°F) within any 4.6 m
(15 ft) interval of length.

(3) The vessel or vessel part shall be held at or
above the temperature specified in Table TF-710-1 or
Table TF-710-2 for the period of time specified in the
Tables. During the holding period, there shall not be a
greater difference than 83°C (150°F) between the highest
and lowest temperature throughout the portion of the

138

vessel being heated, except where the range is further
limited in Table TF-710-1.

(4) During the heating and holding periods, the
furnace atmosphere shall be so controlled as to avoid
excessive oxidation of the surface of the vessel. The
furnace shall be of such design as to prevent direct
impingement of the flame on the vessel.

(5) Above 425°C (800°F), cooling shall be done in
a closed furnace or cooling chamber at a rate not greater
than 280°C/h (500°F/hr) divided by the maximum
metal thickness of the shell or head plate in inches, but
in no case more than 280°C/h (500°F/hr). From 425°C
(800°F) the vessel may be cooled in still air.

(e) Except as permitted in TF-710(f), vessels or parts
of vessels that have been postweld heat treated in accor-
dance with the requirements of this paragraph shall
again be postweld heat treated after welded repairs have
been made.

(f) Weld repairs to P-No. 1 Group Nos. 1, 2, and 3
materials and to P-No. 3 Group Nos. 1, 2, and 3 materials
and to the weld metals used to join these materials may
be made after the final PWHT but prior to the final
hydrostatic test, without additional PWHT, provided
that PWHT is not required as a service requirement in
accordance with TW-100.1(a), except for the exemptions
in Table TF-710-1, or as a service requirement in accor-
dance with TF-320. The welded repairs shall meet the
requirements of TF-710(f)(1) through (6). These require-
ments do not apply when the welded repairs are minor
restorations of the material surface, such as those
required after removal of construction fixtures, and pro-
vided that the surface is not exposed to the vessel
contents.

(1) The Manufacturer shall give prior notification
of the repair to the User or to his designated agent and
shall not proceed until acceptance has been obtained.
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Such repairs shall be recorded on the Manufaturer’s Data
Report.

(2) The total repair depth shall not exceed 38 mm
(11⁄2 in.) for P-No. 1 Group Nos. 1, 2, and 3 materials
and 16 mm (5⁄8 in.) for P-No. 3 Group Nos. 1, 2, and 3
materials. The total depth of a weld repair shall be taken
as the sum of the depths for repairs made from both
sides of a weld at a given location.

(3) After removal of the defect, the groove shall be
examined using either the magnetic particle or the liquid
penetrant examination methods.

(4) In addition to the requirements of Section IX
for qualification of Welding Procedure Specifications for
groove welds, the following requirements shall apply:

(a) The weld metal shall be deposited by the
GTAW or SMAW processes using low hydrogen elec-
trodes or gases that are not susceptible to hydrogen
contamination. The electrodes shall be property condi-
tioned in accordance with Section II Part C, SFA-5.5,
Appendix A6.11. The maximum bead width shall be
four times the electrode core diameter.

(b) For P-No. 1 Group Nos. 1, 2, and 3 materials,
the repair area shall be preheated and maintained at a
minimum temperature of 95°C (200°F) during welding.

(c) For P-No. 3 Group Nos. 1, 2, and 3 materials,
the repair weld method shall be limited to the half-
bead weld repair and weld temper bead reinforcement
technique. The repair area shall be preheated and main-
tained at a minimum temperature of 175°C (350°F) dur-
ing welding. The maximum interpass temperature shall
be 230°C (450°F). The initial layer of weld metal shall
be deposited over the entire area using 3 mm (1⁄8 in.)
maximum diameter electrodes. Approximately one-half
the thickness of this layer shall be removed by grinding
before depositing subsequent layers. The subsequent
weld layers shall be deposited using 4 mm (5⁄32 in.) maxi-
mum diameter electrodes in such a manner as to assure
tempering of the prior weld beads and their heat-
affected zones. A final temper bead weld shall be applied
to a level above the surface being repaired without con-
tacting the base material but close enough to the edge
of the underlying weld bead to assure tempering of the
base material heat-affected zone. After completing all
welding the repair area shall be maintained at a tempera-
ture of from 205°C to 260°C (400°F to 500°F) for a mini-
mum period of 4 hr. The final temper bead reinforcement
layer shall be removed substantially flush with the sur-
face of the base material.

(5) After the finished repair weld has reached ambi-
ent temperature, it shall be inspected using the same
nondestructive examination that was used in
TF-710(f)(3), except that for P-No. 3 Group No. 3 materi-
als, the examination shall be made after the material has
been at ambient temperature for a minimum period of
48 hr to determine the presence of possible delayed
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cracking of the weld. If the examination is by the mag-
netic particle method, only the alternating current yoke
type is acceptable. In addition, welded repairs greater
than 10 mm (3⁄8 in.) deep in materials and in welds that
are required to be radiographed by the rules of these
Articles, shall be radiographically examined to the
requirements of TE-230.

(6) The vessel shall be hydrostatically tested after
making the welded repair.

TF-720 REQUIREMENTS FOR HIGH ALLOY STEELS

(a) All welded vessels or vessel parts shall be given
a postweld heat treatment at a temperature not less than
specified in Table TF-720 when the nominal thickness,
as defined in TF-700(f), including corrosion allowance,
of any welded joint in the vessel or vessel part exceeds
the limits in the Notes to Table TF-720. The exemptions
provided for in the Notes to Table TF-720 are not permit-
ted when postweld heat treatment is a service require-
ment as set forth in TW-100.2, when welding ferritic
materials greater than 3 mm (1⁄8 in.) thick with the elec-
tron beam welding process. The materials in
Table TF-720 are listed in accordance with the Section
IX P-Number material groupings of QW/QB-422.

(b) Holding temperatures and/or holding times in
excess of the minimum values given in Table TF-720 may
be used. The holding time at temperature as specified
in Table TF-720 need not be continuous. It may be an
accumulation of time of multiple postweld heat treat
cycles. Long time exposure to postweld heat treatment
temperatures may cause sigma phase formation.

(c) When pressure parts of two different P-Number
groups are joined by welding, the postweld heat treat-
ment shall be that specified in either of Table TF-720 or
Table TF-710-1, with applicable notes, for the material
requiring the higher postweld temperature. When non-
pressure parts are welded to pressure parts, the postweld
heat treatment temperature of the pressure part shall
control. Ferritic steel parts, when used in conjunction
with austenitic chromium-nickel stainless steel parts or
austenitic/ferritic duplex steel, shall not be subjected to
the solution heat treatment described in Section II,
Part D, Appendix A, A-350.

(d) The operation of postweld heat treatment shall be
carried out by one of the procedures given in TF-700 in
accordance with the requirements of TF-710(d), except
as modified by the Notes to Table TF-720.

(e) Vessels or parts of vessels that have been postweld
heat treated in accordance with the requirements of this
paragraph shall again be postweld heat treated after
repairs have been made.

TF-730 REQUIREMENTS FOR NONFERROUS
MATERIALS

(a) Postweld heat treatment of nonferrous material is
not normally necessary nor desirable.
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(b) No postweld heat treatment shall be performed,
except by agreement between the User and the Manufac-
turer. The temperature, time, and method of heat treat-
ment shall be covered by agreement.

TF-740 REQUIREMENTS FOR FERRITIC STEELS
WITH TENSILE PROPERTIES ENHANCED BY
HEAT TREATMENT

(a) Postweld heat treatment shall be required for all
thicknesses of vessels or vessel parts constructed of
steels listed in Table TM-130.2-6.

(b) Before applying the detailed requirements of post-
weld heat treatment for steels listed in Table TM-130.2-6,
satisfactory weld procedure qualifications of the proce-
dures to be used shall be performed in accordance with
all of the variables in Section IX, including the conditions
of postweld heat treatment and including restrictions
listed below.

Table TF-720 Postweld Heat Treatment Requirements for High Alloy Steels
(See Table TM-130.2-2)

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 6 675 (1,250) 1 hr/25 mm (1in.), 2 hr plus 15 min for each additional 2 hr plus 15 min for
Gr. Nos. 1, 2, 3 15 min minimum 25 mm (1 in.) over 50 mm (2 in.) each additional

25 mm (1 in.)
over 50 mm
(2 in.)

NOTES:
(1) Postweld heat treatment is not required for vessels constructed of Type 410 material for SA-182 Grade F6a, SA-240, SA-268, and SA-479

with carbon content not to exceed 0.08% and welded with electrodes that produce an austenitic chromium–nickel weld deposit or a non-
air-hardening nickel–chromium–iron weld deposit, provided the plate thickness at the welded joint does not exceed 10 mm (3⁄8 in.), and
for thicknesses over 10 mm (3⁄8 in.) to 38 mm (11⁄2 in.) provided a preheat of 230°C (450°F) is maintained during welding and that the
joints are completely radiographed.

(2) Postweld heat treatment shall be performed as prescribed in TF-700 and TF-710(e).
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(c) Postweld heat treatment shall be performed in
accordance with TF-710, as modified by the require-
ments of Table TF-740. In no case shall the PWHT tem-
perature exceed the tempering temperature. PWHT and
tempering may be accomplished concurrently. The maxi-
mum cooling rate established in TF-710(d)(5) need not
apply. Where accelerated cooling from the tempering
temperature is required by the material specification,
the same minimum cooling rate shall apply to PWHT.

(d) All welding connections and attachments shall be
postweld heat treated whenever required by
Table TF-740 based on the greatest thickness of material
at the point of attachment of the head or shell [see
TF-740(b) and (c)].

(e) When material of SA-333 Grade 8, SA-334 Grade 8,
SA-353, SA-522, SA-553, and SA-645 Grade A are post-
weld heat treated, the complete vessel or vessel compo-
nent being so heat treated shall be maintained within the
permissible temperature range defined in Table TF-740.



2010 SECTION XII

Table TF-720 Postweld Heat Treatment Requirements for High Alloy Steels (Cont’d)

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 7 730 (1,350) 1 hr/25 mm (1 in.), 2 hr plus 15 min for each additional 2 hr plus 15 min for
Gr. Nos. 1, 2 15 min minimum 25 mm (1 in.) over 50 mm (2 in.) each additional

25 mm (1 in.)
over 50 mm
(2 in.)

NOTES:
(1) Postweld heat treatment is not required for vessels constructed of Type 405 or Type 410S materials for SA-240 and SA-268 with carbon

content not to exceed 0.08%, welded with electrodes that produce an austenitic–chromium–nickel weld deposit or a non-air-hardening
nickel–chromium–iron weld deposit, provided the plate thickness at the welded joint does not exceed 10 mm (3⁄8 in.) and for thicknesses
over 10 mm (3⁄8 in.) to 38 mm (11⁄2 in.) provided a preheat of 230°C (450°F) is maintained during welding and that the joints are completely
radiographed.

(2) Postweld heat treatment shall be performed as prescribed in TF-700 and TF-710(e) except that the cooling rate shall be a maximum of
56°C (100°F)/hr in the range above 650°C (1,200°F) after which the cooling rate shall be sufficiently rapid to prevent embrittlement.

(3) Postweld heat treatment is not required for vessels constructed of Grade TP XM-8 material for SA-268 and SA-479 or of Grade TP 18Cr–
2Mo for SA-240 and SA-268.

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 8 . . . . . . . . . . . .
Gr. Nos. 1, 2, 3, 4

NOTE:
(1) Postweld heat treatment is neither required nor prohibited for joints between austenitic stainless steels of the P-No. 8 group. See A-300,

Appendix A, Part D, Section II.

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 10H . . . . . . . . . . . .
Gr. No. 1

NOTE:
(1) For the austenitic-ferritic wrought or cast duplex stainless steels listed below, postweld heat treatment is neither required nor prohibited,

but any heat treatment applied shall be performed as listed below and followed by liquid quenching or rapid cooling by other means:

Alloy Postweld Heat Treatment Temperature, °C (°F)

S32550 1 040–1 120 (1,900–2,050)
S31260 and S31803 1 020–1 100 (1,870–2,010)

S32900 (0.08 max. C) 940–955 (1,725–1,750)
S31200 1 040–1 095 (1,900–2,000)
S31500 975–1 025 (1,785–1,875)
S32304 950–1 050 (1,740–1,920)
J93345 1 120 minimum (2,050 minimum)
S32750 980–1 130 (1,800–2,060)
S32950 1 000–1 025 (1,825–1,875)
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Table TF-720 Postweld Heat Treatment Requirements for High Alloy Steels (Cont’d)

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 10I 730 (1,350) 1 hr/25 mm 1 hr/25 mm (1 in.) 1 hr/25 mm (1 in.)
Gr. No. 1 (1 in.), 15 min

minimum

NOTES:
(1) Postweld heat treatment shall be performed as prescribed in TF-700 and TF-710(e) except that the cooling rate shall be a maximum of

56°C (100°F)/hr in the range above 650°C (1,200°F) after which the cooling rate shall be rapid to prevent embrittlement.
(2) Postweld heat treatment is neither required nor prohibited for a thickness of 13 mm (1⁄2 in.) or less.
(3) For Alloy S44635, the rules for ferritic chromium stainless steel shall apply, except that postweld heat treatment is neither prohibited nor

required. If heat treatment is performed after forming or welding, it shall be performed at 1 010°C (1,850°F) minimum followed by rapid
cooling to below 425°C (800°F).

Minimum Holding Time at Normal Temperature for Nominal Thickness [See TF-720(d)]Minimum Normal Holding
Material Temperature, °C (°F) Up to 50 mm (2 in.) Over 50 mm to 125 mm (2 in. to 5 in.) Over 125 mm (5 in.)

P-No. 10K . . . . . . . . . . . .
Gr. No. 1

NOTE:
(1) For Alloy S44660, the rules for ferritic chromium stainless steel shall apply, except that postweld heat treatment is neither required nor

prohibited. If heat treatment is performed after forming or welding, it shall be performed at 816°C to 1 066°C (1,500°F to 1,950°F) for
a period not to exceed 10 min followed by rapid cooling.
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Table TF-740 Postweld Heat Treatment Requirements for Ferritic Steels Enhanced
by Heat Treatment (See Table TM-130.2-6)

Nominal Holding Time
Thickness

Spec. P-No./ Requiring PWHT Temp., hr/25 mm Minimum,
No. Grade or Type Gr. No. PWHT Note °C (°F) (1 in.) hr

Plate Steels

SA-353 9Ni 11A/1 All . . . 550–585 (1,025–1,085) 1 2

SA-517 Grade A 11B/1 All (1) 540–595 (1,000–1,100) 1 1⁄4
SA-517 Grade B 11B/4 All (1) 540–595 (1,000–1,100) 1 1⁄4

SA-517 Grade E 11B/2 All (1) 540–595 (1,000–1,100) 1 1⁄4
SA-517 Grade F 11B/3 All (1) 540–595 (1,000–1,100) 1 1⁄4
SA-517 Grade J 11B/6 All (1) 540–595 (1,000–1,100) 1 1⁄4
SA-517 Grade P 11B/8 All (1) 540–595 (1,000–1,100) 1 1⁄4

SA-533 Types B, D, Cl. 3 11A/4 All . . . 540–565 (1,000–1,050) 1⁄2
1⁄2

SA-553 Types I, II 11A/1 All . . . 550–585 (1,025–1,085) 1 2

SA-645 5Ni–1⁄4Mo 11A/2 All . . . 550–585 (1,025–1,085) 1 2

SA-724 Grade A, B 1/4 All . . . 550–585 (1,050–1,150) 1 1⁄2
SA-724 Grade C 1/4 All . . . 550–585 (1,050–1,150) 1 1⁄2

Forgings

SA-522 Type I 11A/1 All . . . 550–585 (1,025–1,085) 1 2

SA-592 Grade A 11B/1 All (1) 540–595 (1,000–1,100) 1 1⁄4
SA-592 Grade E 11B/2 All (1) 540–595 (1,000–1,100) 1 1⁄4
SA-592 Grade F 11B/3 All (1) 540–595 (1,000–1,100) 1 1⁄4

Pipes and Tubes

SA-333 Grade 8 11A/1 All . . . 550–585 (1,025–1,085) 1 2

SA-334 Grade 8 11A/1 All . . . 550–585 (1,025–1,085) 1 2

Castings

SA-487 Class 4B 11A/3 All . . . 540–565 (1,000–1,050) 1 1⁄4
SA-487 Class 4E 11A/3 All . . . 540–565 (1,000–1,050) 1 1⁄4
SA-487 Class CA 6NM 36/4 All . . . 565–620 (1,050–1,150) 1 1⁄4

NOTE:
(1) See TF-610.5(e).
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Article TF-8
Requirements for Vessels Lined for Corrosion/Erosion Control

TF-800 GENERAL
The rules in Article TF-8 are applicable to vessels or

vessel parts that are constructed of base material with
corrosion-resistant rubber, polymer, and similar linings
for tanks or tank parts that are fully lined for corrosion
control. The rules in Article TF-8 shall be used in con-
junction with the supplemental requirements of the
Modal Appendices.

TF-810 FABRICATION
TF-810.1 General

The material used for lining the vessel or vessel parts
shall be homogeneous, nonporous, imperforate when
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applied, at least as elastic as the material of the tank or
tank part proper, and have thermal expansion character-
istics compatible with the tank or tank part proper. The
lining shall be immune to attack by the contents to be
transported therein. It shall be uniform in thickness and
shall be directly bonded. The lining shall be spark tested
in accordance with Article TT-4.

TF-810.2 Pressure Testing

Consideration should be given to performing the
required pressure test prior to the application of the
lining.
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PART TE
EXAMINATION REQUIREMENTS

Article TE-1
Requirements for Examination Procedures and Personnel

Qualification

TE-100 GENERAL

Nondestructive examinations shall be conducted in
accordance with the methods of Section V, as modified
by the requirements of this Article.

TE-110 NONDESTRUCTIVE EXAMINATION
PROCEDURES

TE-110.1 General

(a) All nondestructive examinations required by this
Article shall be performed in accordance with the
detailed written procedures that have been proven by
actual demonstration to the satisfaction of the Inspector.
The procedures shall comply with the appropriate article
of Section V for the particular examination method.
Written procedures, records of demonstration of proce-
dure capability, and records of personnel qualification to
these procedures shall be made available to the Inspector.

(b) Following any nondestructive examination in
which examination materials are applied to the part, the
part shall be thoroughly cleaned in accordance with
applicable material or procedure specifications.

TE-110.2 Radiographic Examination

(a) Radiographic examination shall be in accordance
with Section V, Article 2, except as specified below:

(1) A complete set of radiographs and records, as
described in T-291 and T-292 of Section V, for each tank
or tank part shall be retained by the Manufacturer until
the Manufacturer’s Data Report has been signed by the
Inspector.

(2) The requirements of T-285 of Section V are to
be used only as a guide. Final acceptance of radiographs
shall be based on the ability to see the prescribed pene-
trameter image and the specified hole or the designated
wire of a wire penetrameter.

(b) All welded joints to be examined by Real Time
Radioscopic Examination shall be examined in accor-
dance with Appendix II of Article 2, Section V as speci-
fied below.
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(1) A complete set of records, as described in T-292
of Section V, shall be evaluated by the Manufacturer
prior to being presented to the Inspector. Records shall
be retained by the Manufacturer until the
Manufacturer’s Data Report has been signed by the
Inspector.

(2) The use of Real Time Radioscopic Examination
shall be noted on the Manufacturer’s Data Report.

(3) Provisions for training, experience, qualifica-
tion, and certification of personnel responsible for equip-
ment setup, calibration, operation, and evaluation of
examination data shall be described in the
Manufacturer’s Quality Control System. (See Mandatory
Appendix I.)

TE-110.3 Ultrasonic Examination

Ultrasonic examination of welded joints, when
required or permitted by this Section, shall be performed
in accordance with Mandatory Appendix IX [see
TE-230.1(a)(5) and TE-250.2(a)(2)(c)]. Imperfections shall
be evaluated to the acceptance standards specified in
TE-250.3. The written examination procedure shall be
available to the Inspector and shall be proven by actual
demonstration to the satisfaction of the Inspector to be
capable of detecting imperfections described in this
Section.

TE-110.4 Magnetic Particle Examination

Magnetic particle examination shall be performed in
accordance with Mandatory Appendix V. Imperfections
shall be evaluated to the acceptance standards specified
in TE-250.4.

TE-110.5 Liquid-Penetrant Examination

Liquid-penetrant examination shall be performed in
accordance with Mandatory Appendix VI. Imperfec-
tions shall be evaluated to the acceptance standards
specified in TE-250.5.
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TE-120 QUALIFICATION AND CERTIFICATION OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

TE-120.1 General

(a) Organizations performing and evaluating nonde-
structive examinations required by this Section shall use
personnel qualified to the requirements of Section V,
Article 1, T-120; and TE-120.2 through TE-120.5.

(b) For nondestructive examination methods that
consist of more than one operation or type, it is permissi-
ble to use personnel qualified to perform one or more
operations. As an example, one person may be used
who is qualified to conduct radiographic examination
and another who is qualified may be used to interpret
and evaluate the radiographic film.

TE-120.2 Qualification of Personnel

(a) Personnel performing radiographic or ultrasonic
examinations shall be qualified under their Employer’s
written practice, prepared in compliance with the ASNT
SNT-TC-1A. Alternatively, personnel performing radio-
graphic or ultrasonic examination may be qualified in
accordance with ASNT CP-189 or ASNT ACCP-1 for
examination and test requirements. The Employer’s
written practice shall address education and experience
requirements.

(b) The written practice and the procedures used for
examination and qualification of personnel shall be ref-
erenced in the Employer’s Quality Control System.

(c) The documented number of hours of training and
experience may be fewer than required by the referenced
document when examiners are qualified to perform only
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one operation of a multiple operation nondestructive
examination method or examinations of a limited scope.
The required hours of training and experience, and limi-
tations or restrictions on examiner certification, shall be
specified in the Employer’s written practice and on the
certificate of qualification.

(d) The Manufacturer shall certify that each magnetic
particle or liquid-penetrant examination shall be in
accordance with Mandatory Appendices V and VI. Per-
sonnel performing these examinations may, as an alter-
native, be qualified to ASNT SNT-TC-1A, ASNT CP-189,
or ASNT ACCP.

TE-120.3 Certification of Personnel

(a) The Employer retains responsibility for the ade-
quacy of the program and is responsible for certification
of Levels I, II, and III Nondestructive Examination
personnel.

(b) The examination results shall be included with the
Employer’s records in accordance with TE-120.5.

TE-120.4 Verification of Nondestructive Examination
Personnel Certification

The Manufacturer is responsible for the verification
of qualification and certification of nondestructive
examination personnel employed by subcontractors
who provide nondestructive examination services to
them.

TE-120.5 Records

Personnel qualification records shall be retained by
the Employer.
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Article TE-2
Examination of Welds and Acceptance Criteria

TE-200 TIME OF EXAMINATION OF WELDED
JOINTS

Acceptance examinations of welded joints shall be
performed during the fabrication process as stipulated
below during construction.

(a) All butt-welded joints shall be visually examined
after completion of any required heat treatment.

(b) Magnetic particle or liquid-penetrant examina-
tions of base metal repairs shall be performed after any
required postweld heat treatment, except the welds in
P-No. 1 material may be examined either before or after
postweld heat treatment.

(c) The magnetic particle or liquid-penetrant exami-
nation of weld surfaces that are not accessible after a
postweld heat treatment (PWHT) shall be performed
prior to PWHT.

TE-210 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

(a) When a pressure part is to be welded to a flat
plate thicker than 13 mm (1⁄2 in.) to form a corner joint
where the peripheral edge will not be covered by weld
metal, the weld joint preparation and peripheral edge
of the flat plate shall be examined before welding by
either the magnetic particle or liquid-penetrant method.
After welding, both the peripheral edge of the flat plate
and any other remaining exposed surfaces of the weld
joint preparation shall be reexamined.

(b) Particular attention shall be given to cut edges
and other parts of rolled plate that would disclose the
existence of serious laminations, shearing cracks, and
other imperfections.

(c) These requirements do not apply if the configura-
tion of the corner joint is such that the toe of the weld
is farther in distance from the peripheral edge of the
flat plate than its thickness.

TE-220 TYPES OF WELDED JOINTS AND THEIR
EXAMINATION

TE-220.1 Welded Joint Categories

The term Category defines the location of a welded
joint in a tank, but not the type of joint. See TW-130.3
for description and location of the various categories of
welded joints. See TW-130.4 for permissible types of
welded joints for the various welded joint categories and
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the degree of radiographic examination for the various
types of welded joints.

TE-220.2 Examination of Welded Joints

The examination of welded joints shall be dictated by
the assigned joint efficiency of the joints under Parts TD
and TW (see TW-130.4). These examinations shall be
performed as specified in this Article.

TE-230 RADIOGRAPHIC AND ULTRASONIC
EXAMINATION

TE-230.1 General Requirements for Radiographic and
Ultrasonic Examination

(a) Full Radiography. The following welded joints shall
be examined radiographically for their full length in the
manner prescribed in TE-110.2 and TE-250.2(a):

(1) all butt welds in the shell and heads of vessels
used to contain fluids with United Nations Hazard
Classifications 2.1, 2.3, or 6.1 [see TW-100.1(a)].

(2) all butt welds in vessels in which the nominal
thickness at the welded joint exceeds 38 mm (11⁄2 in.),
or exceeds the lesser thickness prescribed in TE-230.2,
TE-230.3, TE-230.4, or TE-230.5 for the materials permit-
ted by Part TM; however, except as required by
TE-230.5(a), Categories B and C butt welds in nozzles
and communicating chambers that neither exceed NPS
10 nor 29 mm (11⁄8 in.) wall thickness do not require
radiographic examination.

(3) all butt welds in nozzles, communicating cham-
bers, etc., attached to vessel sections or heads that are
required to be fully radiographed under TE-230.1(a)(1)
or (2); however, except as required by TE-230.5(a),
Categories B and C butt welds in nozzles and communi-
cating chambers that neither exceed NPS 10 nor 29 mm
(11⁄8 in.) wall thickness do not require any radiographic
examination.

(4) all Categories A and D butt welds in vessel
sections and heads where the design of the joint or part
is based on a joint efficiency permitted by TW-130.4(a),
in which case:

(a) Categories A and B welds connecting the ves-
sel sections or heads shall be of Type No. (1) or Type
No. (2) of Table TW-130.4.

(b) Categories B and C butt welds [but not includ-
ing those in nozzles or communicating chambers, except
as required in TE-230.1(a)(2)] that intersect the
Category A butt welds in vessel sections or heads shall,
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as a minimum, meet the requirements for spot radiogra-
phy in accordance with TE-250.2(b). Spot radiographs
required by this paragraph shall not be used to satisfy
the spot radiography rules as applied to any other weld
increment.

(5) ultrasonic examination in accordance with
TE-110.3 may be substituted for radiography for the
final closure seam of a pressure vessel, if the construction
of the vessel does not permit interpretable radiographs
in accordance with Code requirements. The absence of
suitable radiographic equipment shall not be justifica-
tion for such substitution.

(b) Spot Radiography
(1) Except as required in TE-230.1(a)(4)(b), butt

welded joints made in accordance with Type No. (1) or
Type No. (2) of Table TW-130.4, which are not required
to be fully radiographed by TE-230.1(a), may be exam-
ined by spot radiography. Spot radiography shall be
in accordance with TE-250.2(b). If spot radiography is
specified for the entire vessel, radiographic examination
is not required of Categories B and C butt welds in
nozzles and communicating chambers that exceed nei-
ther NPS 10 nor 29 mm (11⁄8 in.) wall thickness.

NOTE: This requirement specifies spot radiography for butt welds
of Type No. 1 or Type No. 2 that are used in a vessel, but does
not preclude the use of fillet and/or corner welds permitted by
other paragraphs, such as for nozzle and manhole attachments,
welded stays, flat heads, etc., which need not be spot radiographed.

(2) Spot radiography shall be made in accordance
with the technique prescribed in TE-110.2(a). The mini-
mum length of spot radiograph shall be 150 mm (6 in.).
Spot radiographs may be retained or discarded by the
Manufacturer after acceptance of the tank by the
Inspector.

(3) Minimum Extent of Spot Radiographic
Examination

(a) One spot shall be examined on each tank for
each 15 m (50 ft) increment of weld or fraction thereof
for which a joint efficiency from column (b) of
Table TW-130.4 is selected. However, for identical tanks,
each with less than 15 m (50 ft) of weld for which a joint
efficiency from column (b) of Table TW-130.4 is selected,
15 m (50 ft) increments of weld may be represented by
one spot examination.

(b) For each increment of weld to be examined,
a sufficient number of spot radiographs shall be taken to
examine the welding of each welder or welding operator.
Under conditions where two or more Welders or Weld-
ing Operators make weld layers in a joint, or on the
two sides of a double-welded butt joint, one spot may
represent the work of all Welders or Welding Operators.

(c) Each spot examination shall be made as soon
as practicable after completion of the increment of weld
to be examined. The location of the spot shall be chosen
by the Inspector after completion of the increment of
welding to be examined, except that when the Inspector
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has been notified in advance and cannot be present or
otherwise make the selection, the fabricator may exercise
his own judgment in selecting the spots.

(d) Radiographs required at specific locations to
satisfy the rules of other paragraphs shall not be used
to satisfy the requirements of spot radiography.

(c) No Radiography. Except as required in
TE-230.1(b)(3)(a), no radiographic examination of
welded joints is required when the vessel or vessel part
is designed for external pressure only, or when the joint
design complies with TW-130.4(c).

(d) In addition to the requirements in
TE-230.1(b)(3)(a) and TE-230.1(b)(3)(b), all welds made
by the electron beam process shall be ultrasonically
examined for their entire length in accordance with the
requirements of Mandatory Appendix IX.

(e) For radiographic and ultrasonic examination of
butt welds, the definition of nominal thickness at the
welded joint under consideration shall be the nominal
thickness of the thinner of the two parts joined.

TE-230.2 Additional Requirements for Vessels
Constructed of Carbon and Low Alloy
Steels

In addition to the requirements in TE-230.1, complete
radiographic examination is required for each butt
welded joint at which the thinner of the plate or tank
wall thicknesses at the welded joint exceeds the thickness
limit above which full radiography is required in
Table TE-230.2.

TE-230.3 Additional Requirements for Vessels
Constructed of High Alloy Steels

(a) The requirements for radiographic examination in
Part TE apply to high alloy steels, except as provided
in TE-230.3(b) (see TF-410.2).

(b) Butt-welded joints in vessels conforming to
Type 405 welded with straight chromium electrodes and
to Types 410, 429, and 430 welded with any electrode
shall be radiographed in all thicknesses. The final radio-
graphs of all straight chromium ferritic welds, including
major repairs to these welds, shall be made after post-
weld heat treatment has been performed.

(c) Butt-welded joints in vessels constructed of aus-
tenitic chromium-nickel stainless steels that are radio-
graphed because of the thickness requirements of
TE-230.1, or for lesser thicknesses where the joint effi-
ciency reflects the credit for radiographic examination
of Table TW-130.4, shall be radiographed following post
heating if such is performed.

TE-230.4 Additional Requirements for Vessels
Constructed of Nonferrous Materials

(a) Tanks or parts of tanks constructed of nonferrous
materials shall be radiographed in accordance with the
requirements of TE-230.1.
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Table TE-230.2 Thickness Above Which Full Radiographic Examination
of Butt-Welded Joints Is Mandatory

P-No. and Gr. No. Classification of Nominal Thickness Above Which Butt-Welded Joints
Materials Shall Be Fully Radiographed, mm (in.)

1 Gr. 1, 2, 3 32 (11⁄4)
3 Gr. 1, 2, 3 19 (3⁄4)
9A Gr. 1 16 (5⁄8)
9B Gr. 1 16 (5⁄8)
10A Gr. 1 19 (3⁄4)
10B Gr. 2 16 (5⁄8)
10C Gr. 1 16 (5⁄8)
10F Gr. 6 19 (3⁄4)

(b) Welded butt joints in tanks constructed of materi-
als listed in Table TM-130.2-5, with the exception of
alloys 200 (UNS No. N02200), 201 (UNS No. N02201),
400 (UNS No. N04400), 401 (UNS No. N04401), and
600 (UNS No. N06600) shall be examined radiographi-
cally for their full length as prescribed in TE-230.1 when
the thinner of the plate or tank wall thicknesses at the
welded joint exceeds 10 mm (3⁄8 in.).

(c) Where a defect removed and welding repair is
not necessary, care shall be taken to contour notches or
corners. The contoured surface shall then be reinspected
by the same means originally used for locating the defect
to be sure it has been completely removed.

TE-230.5 Additional Requirements for Vessels
Constructed of Ferritic Steels That Are Heat
Treated to Enhance Tensile Properties

(a) Radiography. Radiographic examination for the
complete length of weld in accordance with the require-
ments of Part TE is required for all welded joints of
Type No. 1 of Table TW-130.4.

(b) Nozzle Attachment Welds. Nozzle attachment welds
as provided for in TW-130.7, Figs. TW-130.7-1 and
TW-130.7-2 shall be radiographically examined in accor-
dance with the requirements of Part TE.

TE-240 MAGNETIC PARTICLE AND LIQUID-
PENETRANT EXAMINATION

TE-240.1 Examination of Welds on Pneumatically
Tested Vessels

On welded pressure vessels to be pneumatically tested
in accordance with TT-210(b), the full length of the fol-
lowing welds shall be examined by the magnetic particle
or liquid-penetrant methods for the purpose of detecting
cracks:

(a) all welds around openings
(b) all attachment welds, including welds attaching

nonpressure parts to pressure parts, having a throat
thickness greater than 6 mm (1⁄4 in.)
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Examination shall be by magnetic particle or liquid-
penetrant methods when the material is ferromagnetic,
or by liquid-penetrant method when the material is
nonmagnetic.

TE-240.2 Examination of Welds in Carbon and Low
Alloy Steel Vessels

All welds around nozzles, including reinforcing plate
attachment welds, shall be examined by the magnetic
particle method or liquid-penetrant method whenever
full radiography of butt-welded joints is mandatory (see
TE-230.2).

TE-240.3 Liquid-Penetrant Examination of Welds in
High Alloy Steel Vessels

All austenitic chromium-nickel alloy steel and austen-
itic-ferritic duplex steel welds, both groove and fillet,
that exceed 19 mm (3⁄4 in.) shall be examined for detection
of cracks by the liquid-penetrant method. This examina-
tion shall be made following heat treatment if heat treat-
ment is performed. All cracks shall be eliminated.

TE-240.4 Liquid-Penetrant Examination of Welds in
Vessels of Nonferrous Materials

(a) All welds, both groove and fillet, in tanks con-
structed of materials covered by UNS N06625 (for Grade
2 only in SB-443, SB-444, and SB-446), UNS N10001, and
UNS N10665 shall be examined for the detection of
cracks by the liquid-penetrant method. This examination
shall be made following heat treatment if heat treatment
is performed. All cracks shall be removed by grinding,
or grinding and filing. Where a defect is removed and
welding repair is not necessary, care shall be taken to
contour notches or corners. The contoured surface shall
then be reinspected by the same means originally used
for locating the defect to be sure it has been completely
removed.

(b) Welded joints in tanks or parts of tanks, con-
structed of materials listed in Table TM-130.2-5, with
the exception of alloys 200 (UNS No. N02200), 201 (UNS
No. N02201), 400 (UNS No. N04400), 405 (UNS
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No. N04405), and 600 (UNS No. N06600), shall be exam-
ined by the liquid-penetrant method when they are not
required to be fully radiographed.

(c) Laser welded lap joints are exempt from liquid-
penetrant examination requirements of TE-240.4(a)
and (b).

TE-240.5 Examination of Welds in Vessels of Ferritic
Steels That Are Heat Treated to Enhance
Tensile Properties

(a) Magnetic Particle Method. All welds, including
welds for attaching nonpressure parts to heat-treated
steel listed in Table TM-130.2-6, shall be examined by
the magnetic particle method after the hydrostatic test,
except that those surfaces not accessible after the hydro-
static test shall be examined by the magnetic particle
method at the last feasible stage of vessel fabrication.
All welds to be stress relieved shall be examined after
the PWHT. A magnetization method shall be used that
will avoid arc strikes. Cracks are unacceptable and shall
be repaired or removed. Any relevant indications greater
than 1.5 mm (1⁄16 in.) shall be repaired or removed (see
Mandatory Appendix V).

(b) Liquid-Penetrant Method. As an acceptable alterna-
tive to magnetic particle examination or when magnetic
particle methods are not feasible because of the nonmag-
netic character of weld deposits, a liquid penetrant
method shall be used. For vessels constructed of SA-333
Grade 8, SA-334 Grade 8, SA-353, SA-522, SA-553 Types
I and II, and SA-645 materials, welds not examined
radiographically shall be examined by the liquid-
penetrant method either before or after the hydrostatic
test. Cracks are unacceptable and shall be repaired or
removed. Relevant indications are those that result from
imperfections. Any relevant indications greater than
1.5 mm (1⁄16 in.) shall be repaired or removed (see
Mandatory Appendix VI).

TE-250 ACCEPTANCE CRITERIA

TE-250.1 General

(a) Linear indications are indications in which the
length is more than three times the width. Rounded
indications on the radiograph are indications, which are
circular or elliptical with the length less than three times
the width.

(b) When utilizing magnetic particle examination,
mechanical discontinuities at or near the surface will be
indicated by the retention of the examination medium.
However, all indications are not necessarily imperfec-
tions, because certain metallurgical discontinuities and
magnetic permeability variations may produce similar
indications, which are not relevant to the detection of
unacceptable discontinuities.
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(c) When utilizing liquid-penetrant examination,
mechanical discontinuities at the surface will be indi-
cated by bleeding out of the penetrant. However, local-
ized surface imperfections, such as may occur from
machining marks, surface conditions, or an incomplete
bond between base metal and cladding, may produce
similar indications, which are not relevant to the detec-
tion of imperfections.

TE-250.2 Radiographic Acceptance Criteria

(a) Full Radiography
(1) Indications in welds that are shown by full radi-

ography to be any of the following types of imperfec-
tions are unacceptable:

(a) any indication characterized as a crack or
zone of incomplete fusion or penetration

(b) any other linear indication that has a length
greater than:

(1) 6 mm (1⁄4 in.) for t < 19 mm (3⁄4 in.)
(2) t/3 for 19 mm (3⁄4 in.) ≤ t ≤ 57 mm (21⁄4 in.)

where
t p thickness of the weld, excluding any allowable

weld reinforcement. For a butt weld joining two
members having different thicknesses at the
weld, t is the thinner of these two thicknesses.

(c) any group of aligned, rounded indications
having an aggregate length greater than t in a length of
12t, unless the minimum distance between successive
indications exceeds 6L, in which case the aggregate
length is unlimited, L being the length of the largest
indication in the group

(d) rounded indications in excess of those shown
as acceptable in Mandatory Appendix IV

(2) Evaluation, Repair, and Retest
(a) Unacceptable indications shown on the radio-

graphs of welds shall be repaired by removing such
defects by mechanical means or by thermal gouging
processes, then repair welding, and radiographing the
repair to the requirements of Part TE.

(b) Repair welding shall be performed using a
qualified procedure and a qualified welder in a manner
acceptable to the Inspector.

(c) At the option of the Manufacturer, the repair
may be ultrasonically examined in accordance with
TE-110.3 and to the satisfaction of the Inspector, pro-
vided the defect is confirmed by ultrasonic examination
prior to making the repair. This ultrasonic examination
shall be noted under Remarks on the Manufacturer’s
Data Report Form.

(b) Spot Radiography
(1) The acceptability of welds examined by spot

radiography shall be judged by the following methods:
(a) Welds in which indication characterized as

cracks or zones of incomplete fusion or penetration shall
be unacceptable.
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(b) Welds in which indications are characterized
as slag inclusion or cavities shall be unacceptable if the
length of any such indication is greater than 2⁄3t, where
t is the thickness of the weld excluding any allowable
reinforcement. For butt welds joining two members hav-
ing different thicknesses at the weld, t is the thinner of
these two thicknesses. If a full-penetration weld includes
a fillet weld, the thickness of the throat of the fillet shall
be included in t. If several indications within the above
limitations exist in line, the welds shall be judged accept-
able if the sum of the longest dimensions of all such
indications is not more than t in a length of 6t (or propor-
tionately for radiographs shorter than 6t) and if the
longest indications considered are separated by at least
3L of acceptable weld metal, where L is the length of the
longest indication. The maximum length of acceptable
indications shall be 19 mm (3⁄4 in.). Any such indications
shorter than 6 mm (1⁄4 in.) shall be acceptable for any
plate thickness.

(c) Rounded indications are not a factor in the
acceptability of welds not required to be fully radio-
graphed.

(2) Evaluation, Repair, and Retests
(a) When a spot, radiographed as required in

TE-230.1(b)(3), is acceptable in accordance with
TE-250.2(b)(1), the entire weld increment represented by
this radiograph is acceptable.

(b) When a spot, radiographed as required in
TE-230.1(b)(3), has been examined and the radiograph
discloses welding that does not comply with the mini-
mum quality requirements of TE-250.2(b)(1), two addi-
tional spots shall be radiographically examined at the
same weld increment at locations away from the original
spot. The location of these additional spots shall be
determined by the Inspector or fabricator as provided
for the original spot examination in TE-230.1(b)(3)(c).

(1) If the two additional spots examined show
welding that meets the minimum quality requirements
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of TE-250.2(b)(1), the entire weld increment represented
by the three radiographs is acceptable, provided the
defects disclosed by the first of the three radiographs
are removed and the area is repaired by welding. The
repaired area shall be radiographically examined and
evaluated in accordance with the requirements in
TE-230.1(b) and TE-250.2(b).

(2) If either of the two additional spots exam-
ined shows welding that does not comply with mini-
mum quality requirements of TE-250.2(b)(1), the entire
increment of weld represented shall be rejected. The
entire rejected weld shall be removed and the joint shall
be rewelded or, at the fabricator’s option, the entire incre-
ment of weld represented shall be completely radio-
graphed and only defects need be corrected.

(3) Repair welding shall be performed using a
qualified procedure and a qualified welder in a manner
acceptable to the Inspector. The repaired area shall be
reexamined reevaluated at one location in accordance
with the requirements of TE-230.1(b) and TE-250.2(b).

TE-250.3 Ultrasonic Acceptance Criteria

The ultrasonic examination acceptance criteria shall
be as specified in para. IX3 of Mandatory Appendix IX.

TE-250.4 Magnetic Particle Examination Acceptance
Criteria

The evaluation of indications revealed by magnetic
particle examination shall be as specified in para. V3 and
the acceptance criteria shall be as specified in para. V4 of
Mandatory Appendix V.

TE-250.5 Liquid-Penetrant Examination Acceptance
Criteria

The evaluation of indications revealed by liquid-
penetrant examination shall be as specified in para. VI3
and the acceptance criteria shall be as specified in para.
VI4 of Mandatory Appendix VI.
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PART TT
TESTING REQUIREMENTS

Article TT-1
General Requirements for Testing

TT-100 GENERAL

The testing of transport tanks shall be performed in
accordance with the requirements in this Part.
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Article TT-2
Requirements for Pressure Testing

TT-200 GENERAL

(a) A pressure test shall be conducted on all com-
pleted tanks after

(1) all fabrication is complete except for cosmetic
grinding, which does not affect the required thickness

(2) all examinations have been performed, except
those required after the test

(b) The completed vessel shall have successfully
passed one of the pressure tests prescribed in this Article.

TT-210 TEST REQUIREMENTS

(a) Hydrostatic Test Requirements
(1) Vessels designed for internal pressure shall be

subjected to a hydrostatic test pressure at every point
in the tank at least equal to 1.3 times the maximum
allowable working pressure (MAWP) to be marked on
the vessel, multiplied by the lowest ratio (for the mate-
rial of which the vessel is constructed) of the stress value
S for the test temperature on the vessel to the stress
value S for the design temperature (see TD-210). The
above requirements shall apply when the vessel specifi-
cation provides no test pressure. All loadings that may
exist during this test shall be given consideration.

(2) Unless otherwise specified in the appropriate
Modal Appendix, there is no upper limit on the hydro-
static test pressure. However, if the hydrostatic test pres-
sure is allowed to exceed the value determined as
prescribed in TT-210(a)(1) to the degree that the tank
shows visible permanent distortion, the Inspector has
the right to reject the tank.

(3) It is recommended that the metal temperature
during hydrostatic test be maintained at least 17°C (30°F)
above the minimum design metal temperature [see
TD-140, General Note (f ) to Fig. TM-240.3-2, and
TM-240.4], to minimize the risk of brittle fracture, but
need not exceed 48°C (120°F).

(4) Single-wall vessels designed for a vacuum or
partial vacuum only, or chambers or multi-chamber ves-
sels designed for vacuum or partial vacuum only, shall
be subjected to internal hydrostatic test or, when a
hydrostatic test is not possible, to a pneumatic test in
accordance with the provisions of TT-210(b). Either type
of test shall be made at a pressure not less than 1.3 times
the difference between normal atmospheric pressure and
the minimum design internal absolute pressure.

153

(5) Following the application of the hydrostatic test
pressure, an inspection shall be made of all joints and
connections. This inspection shall be made at a pressure
not less than the test pressure divided by 1.3. The visual
inspection of joints and connections for leaks may be
waived, provided a suitable gas leak test is applied with
the agreement of the Inspector, and the tank will not
contain a hazardous substance [see TW-100.1(a)].

(6) Any leakage through the base metal or weld
joints is cause for rejection.

CAUTION: A small liquid relief valve set to 11⁄3 times the test
pressure is recommended for the pressure test system, in case a
tank, while under test, is likely to be warmed up materially.

(b) Pneumatic Test Requirements
(1) Subject to the provisions of TT-200(a), a pneu-

matic test prescribed in TT-210(b) may be performed in
lieu of the hydrostatic test prescribed in TT-210(a) for
vessels

(a) that are so designed and/or supported that
they cannot safely be filled with water

(b) that are not readily dried, to be used in ser-
vices where traces of the testing liquid cannot be toler-
ated, and the parts of which have been, where possible,
previously tested by hydrostatic pressure to the pressure
required in TT-210(a)

(2) Pneumatically tested vessels shall be subjected
to the additional examination requirements of TE-240.1
prior to the test.

(3) The pneumatic test pressure to be applied shall
be at least equal to 1.1 times the maximum allowable
working pressure (MAWP) to be stamped on the vessel,
multiplied by the lowest ratio (for the materials of which
the tank is constructed) of the stress value, S for the test
temperature of the tank to the stress value, S for the
design temperature.

(4) The pneumatic test pressure of a completed ves-
sel, or a chamber in a multi-chamber vessel, shall not
exceed that value which results in a membrane stress
in the vessel wall greater than 80% of the tabulated yield
strength in Section II, Part D, Table Y-1.

(5) The metal temperature during the pneumatic
test shall be maintained at least 17°C (30°F) above the
minimum design metal temperature (MDMT) to mini-
mize the risk of brittle fracture [see TD-140, General
Note (f) to Fig. TM-240.3-2, and TM-240.4].

(6) The pressure in the vessel shall be gradually
increased to not more than one-half of the test pressure.
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Thereafter, the test pressure shall be increased in steps
of approximately one-tenth of the test pressure until
the required test pressure has been reached. Then the
pressure shall be reduced to the test pressure divided
by 1.1 and held for a sufficient time to permit visual
inspection of the vessel. The visual inspection may be
waived, provided

(a) a suitable gas leak test is applied
(b) substitution of the above gas leak test is by

agreement reached between the Manufacturer and
Inspector

(c) all weld seams that will be hidden by assem-
bly will be given a visual examination for workmanship
prior to assembly

(d) the vessel will not contain a substance listed
in TW-100.1(a)

(c) Any evidence of leakage through the base metal
or weld joints is reason for rejection. When leakage is
observed, the test should be terminated, the pressure
released, and the tank repaired, reinspected and retested
in accordance with the requirements of this Section.

TT-220 TEST MEDIA

(a) No flammable or combustible liquids shall be
used. Only fluid that is liquid at the hydrostatic test
temperature and pressure and is not corrosive to the
tank parts shall be used for the test. Appropriate mea-
sures shall be taken to ensure condensation on exterior
surfaces does not mask indications of leakage.

(b) Air or gas is hazardous when used as a testing
medium. Special precautions should be taken when air
or gas is used for test purposes.
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TT-230 APPURTENANCES

(a) Vents shall be provided at all high points of the
tank in the position at which it is to be tested to purge
possible air pockets while the tank is filling for a hydro-
static test.

(b) Before applying pressure, the test equipment shall
be examined to see that it is tight and that all low pres-
sure filling lines and other appurtenances that should
not be subjected to the test pressure have been
disconnected.

(c) Vessels may be painted or otherwise coated either
internally or externally, and may be lined internally prior
to the pressure test.

TT-240 TEST GAGES

(a) An indicating gage shall be connected directly to
the tank. If the indicating gage is not readily visible to the
operator controlling the pressure applied, an additional
indicating gage shall be provided where it will be visible
to the operator throughout the duration of the test.

(b) Dial indicating pressure gages used in testing shall
be graduated over a range of about double the intended
test pressure, but in no case shall the range be less than
11⁄2 nor more than four times that pressure. Digital read-
ing pressure gages may be used with a wider range,
provided the accuracy is equivalent to or better than the
dial indicating gages.

(c) All gages shall be calibrated against a standard
deadweight tester or a calibrated master gage. Gages
shall be recalibrated at any time there is reason to believe
that they are in error.
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Article TT-3
Requirements for Proof Testing to Establish Maximum

Allowable Working Pressure (MAWP)

TT-300 GENERAL

(a) The maximum allowable working pressure
(MAWP) for tanks or tank parts for which the strength
cannot be computed with a satisfactory assurance of
accuracy shall be established in accordance with these
requirements using one of the test procedures applicable
to the type of loading and to the material used in the
construction.

(b) Provision is made in these rules for burst testing
to determine the internal MAWP.

(c) Safety of testing personnel should be given serious
consideration when conducting proof tests, and particu-
lar care should be taken during bursting tests.

(d) The tests in these paragraphs may be used only
for the purpose of establishing MAWP of those elements
or component parts for which the thickness cannot be
determined by means of the design rules given in this
Section. The MAWP of all other elements or component
parts shall be not greater than that determined by means
of the applicable design rules.

(e) Tests to establish MAWP of tanks, or tank parts,
shall be witnessed by and be acceptable to the Inspector,
as indicated by his signature on the Manufacturer’s
report of the test. The report shall include sufficient
detail to describe the test, the instrumentation and meth-
ods of calibration used, and the results obtained. The
report shall be made available to the Inspector for each
application.

TT-310 PREVIOUS TESTS

The tank or tank part for which MAWP is to be estab-
lished shall not have been previously subjected to a
pressure greater than 1.3 times the desired or anticipated
maximum allowable working pressure, adjusted for
operating temperature as provided in TT-330.4.

TT-320 DUPLICATE AND SIMILAR PARTS

(a) When the MAWP of a tank or tank part has been
established by a proof test, duplicate parts or geometri-
cally similar parts that meet all of the requirements in
TT-320(b) or (c) need not be proof tested but shall be
given a hydrostatic pressure test in accordance with
TT-210(a) or a pneumatic pressure test in accordance
with TT-210(b).

155

(b) Duplicate Parts. All of the following requirements
shall be met in order to qualify a part as a duplicate of
the part that had been proof tested:

(1) The duplicate part shall have the same basic
design configuration and type of construction.

(2) The material of the duplicate part is either
(a) the same material specifications

(1) alloy
(2) grade, class
(3) type, form
(4) heat treatment

(b) the same or closely similar material when
only the material specification, the alloy, grade, or form
is different, provided the material meets the following
requirements:

(1) has allowable stress in tension equal to or
greater than the material used in the proof tested part
at both the design temperature and the test temperature

(2) has the same P Number (Section IX)
(3) for carbon or low alloy steels, has the same

or tougher material grouping in TM-240.1,
Fig. TM-240.1-1, and Notes

(3) The nominal dimensions (diameter or width
and height) of the duplicate parts shall be the same, and
the corresponding nominal thicknesses shall be the same
as those used in the proof test. The length shall not be
longer than that proof tested.

(4) Heat treatment shall be the same as performed
on the original part that was tested.

(5) The MAWP shall be calculated according to
TT-330.

(6) When there are permissible deviations from the
original part that was proof tested, a supplement to the
original Proof Test Report shall be prepared that states
and evaluates each deviation.

(c) Geometrically Similar Parts. The MAWP for geomet-
rically similar parts may be established by a series of
proof tests that uniformly cover the complete range of
sizes, pressure, or other variables by interpolation from
smooth curves plotted from the results of the tests.

(1) Sufficient tests shall be performed to provide at
least five data points that are at increments that are
within 20% to 30% of the range covered.

(2) The curves shall be based on the lower bound
of the test data.

(3) Extrapolation is not permitted.
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TT-330 EVALUATION
TT-330.1 General

(a) Proof test method TT-340.3 establishes the pres-
sure at which the test is terminated. The results of the
test are recorded in a Proof Test Report according to
TT-300.

(b) The MAWP for the first duplicate part, as defined
in TT-320, to be put in service, shall be calculated
according to the equations given for the proof test
method applied. The requirements for nondestructive
examination (NDE) are given in Parts TG and TF. Other
requirements are based on thickness or material. These
apply to parts that are to be put into service. It is not
necessary to examine the part actually tested.

(c) For subsequent duplicate parts, the MAWP may
be recalculated for a different extent of NDE in a supple-
ment to the original Proof Test Report.

(d) The effect of the location of a weld joint may be
evaluated and included in the Proof Test Report.

TT-330.2 Retest
A retest shall be allowed on a duplicate tank or tank

part if errors or irregularities are obvious in the test
results.

TT-330.3 Determination of Tensile Strength

(a) For proof tests based on bursting in accordance
with TT-340.3, the tensile strength of the material in the
part tested shall be determined in accordance with the
method prescribed in the applicable material specifica-
tion and as described in ASTM E 8, Tension Testing of
Metallic Materials.

(b) The tensile strength so determined shall be the
average from three or four specimens cut from the part
tested after the test is completed. The specimens shall
be cut from a location where the stress during the test
has not exceeded the yield strength. The specimens shall
not be flame cut because this might affect the strength
of the material. If yield or tensile strength is not deter-
mined by test specimens from the pressure part tested,
alternative methods are given in TT-340.3 for evaluation
of proof test results to establish the MAWP.

(c) When excess stock from the same piece of wrought
material is available and has been given the same stress
relieving heat treatment as the pressure part, the test
specimens may be cut from this excess stock. The speci-
men shall not be removed by flame cutting or any other
method involving sufficient heat to affect the properties
of the specimen. When sheet material is used, the test
specimens obtained from another piece cut from the
same coil or sheet used in the proof tested component
meet the requirements of this paragraph.

TT-330.4 Maximum Allowable Working Pressure at
Higher Temperatures

The MAWP for tanks and tank parts that are to operate
at temperatures at which the allowable stress value of
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the material is less than at the test temperature shall be
determined by the following equation:

Po p Pt
S
S2

where
Po p maximum allowable working pressure at the

design temperature, MPa (psi)
Pt p maximum allowable working pressure at the

test temperature, MPa (psi)
S p maximum allowable stress value at the design

temperature, as given in the tables referenced
in TD-210, MPa (psi)

S2 p maximum allowable stress value at test temper-
ature as given in the tables referenced in
TD-210, MPa (psi)

TT-340 PROCEDURES

TT-340.1 Application of Pressure

In the procedure given in TT-340.3, the hydrostatic
pressure in the tank or tank part shall be increased grad-
ually until approximately one-half the anticipated work-
ing pressure is reached. Thereafter, the test pressure shall
be increased in steps of approximately one-tenth or less
of the anticipated MAWP until the pressure required by
the test procedure is reached.

TT-340.2 Corrosion Allowance

The test procedures in this paragraph give the MAWP
for the thickness of material tested. The thickness of the
pressure tank that is to be proof tested should be the
corroded thickness. When this is not practical and when
the thickness as tested includes extra thickness as pro-
vided in TD-130, the MAWP at which the tank shall be
permitted to operate shall be determined by multiplying
the MAWP obtained from the test by the ratio

�t − c�n

tn

where
c p allowance added for corrosion, erosion, and

abrasion, in.
n p 1 for curved surfaces such as parts of cylinders,

spheres, cones with angle a equal to or less than
60 deg; for stayed surfaces similar to those
described in Part TF, and parts whose stress due
to bending is equal to or less than 67% of the
total stress

p 2 for flat or nearly flat surfaces, such as flat sides,
flanges, or cones with angle a greater than 60
deg (except for stayed surfaces noted above)
unless it can be shown that the stress due to
bending at the limiting location is less than 67%
of the total stress
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t p nominal thickness of the material at the weakest
point, in.

TT-340.3 Bursting Test Pressure

(a) This procedure may be used for tanks or tank
parts under internal pressure when constructed of any
material permitted to be used under the rules of this
Section. The MAWP of any component part proof tested
by this method shall be established by a hydrostatic test
to failure by rupture of a full-size sample of such pres-
sure part. The hydrostatic pressure at which rupture
occurs shall be determined. Alternatively, the test may
be stopped at any pressure before rupture that will sat-
isfy the requirements for the desired MAWP.

(b) The maximum allowable working pressure P in
MPa (psi) at test temperature for parts tested under this
paragraph shall be calculated by one of the following
equations:

(1) parts constructed of materials other than cast
materials:

P p
B
4

�
SuE

Su avg
or P p

B
4

�
Su

Sur
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(2) parts constructed of cast materials, except cast
iron and ductile iron:

P p
Bf
4

�
SuE

Su avg
or P p

Bf
4

�
Su

Sur

where
B p bursting test pressure, or hydrostatic test

pressure at which the test was stopped, psi
E p efficiency of welded joint, if used (see

Table TW-130.4)
f p casting quality factor as specified in

TM-150.6
Su p specified minimum tensile strength at room

temperature, MPa (psi)
Su avg p average actual tensile strength of test speci-

mens at room temperature, MPa (psi)
Sur p maximum tensile strength of range of speci-

fication at room temperature, MPa (psi)

The MAWP at other temperatures shall be determined
as provided in TT-310.
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Article TT-4
Requirements for Elastomeric Lining Test

TT-400 GENERAL

Tanks lined with an elastomeric lining shall be
inspected in accordance with the requirements of this
Article when required by the Modal Appendices. Proce-
dures for performing this test shall be written using the
lining Manufacturer’s instructions and the requirements
of this Article. Personnel performing this test shall be
trained in the procedure and equipment used, as well as
the requirements of this Article. Personnel qualifications
shall be certified by the Employer.

TT-400.1 Equipment

The following equipment is required to test the elasto-
meric linings of tanks:

(a) high frequency spark test machine capable of suffi-
cient voltage with sufficient cable.

(b) an L-shaped probe of 2.4 mm (3⁄32 in.) diameter
with a maximum bottom leg length of 300 mm (12 in.).

(c) a calibration block measuring 300 mm � 300 mm
(12 in. � 12 in.) covered with the same elastomer to be
tested and applied to the same thickness as the tank
lining. The calibration block liner shall be pierced to
produce a test hole of at least 22-gauge diameter.
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TT-400.2 Test Conditions

(a) Prior to performing the test on the tank, the equip-
ment shall be calibrated using the calibration block. The
probe shall be in constant motion. The voltage should
be adjusted to the lowest setting that will produce a
13 mm (1⁄2 in.) spark at the pierced hole. The spark will
be white or light blue.

(b) While performing the tank test, the equipment
shall be periodically validated against the calibration
block using the same block, power source, probe, set-
tings, and cable length.

(c) While performing the test, the probe must be kept
in constant motion to prevent overheating the lining. A
slow steady motion is required to ensure proper
coverage.

TT-400.3 Results

(a) Any voids detected require removal of the lining
at the defect and an examination of the tank shell to
inspect for corrosion and remaining metal thickness.

(b) Welded repairs shall be accomplished in accor-
dance with this Code.

(c) The elastomeric lining shall be repaired in accor-
dance with the manufacturer instructions and reexam-
ined in accordance with this Article.
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PART TR
PRESSURE-RELIEF DEVICES

Article TR-1
General Requirements

TR-100 PROTECTION AGAINST OVERPRESSURE

(a) All transport tanks within the scope of this Section,
regardless of size or pressure, shall be provided with
spring loaded pressure-relief device(s) for protection
against overpressure in accordance with the require-
ments of this Part, as set forth in Articles TR-1 through
TR-5, except as permitted by the applicable Modal
Appendix. It is the responsibility of the User to ensure
that the required pressure-relief device(s) is properly
installed. The pressure-relief device(s) need not be sup-
plied by the transport tank Manufacturer. Transport tank
or tank is an all-inclusive term comprising pressure ves-
sel, service equipment, and external structural
components.

(b) Regulatory authorities issuing national and inter-
national codes and regulations governing the require-
ments for the use of transport tanks (such as IMDG,
TDG, ADR/RID, RINA, 49 U.S. CFR, and Canadian
CTC) may specify different operating characteristics for
pressure-relief devices (i.e., set points and capacity
requirements) used for various modal applications. In
cases where the Codes and/or regulations governing
these operating characteristics conflict with or exceed
the requirements of this Section, the applicable regula-
tory requirements for the subject transport tank shall
govern the selection and application of such devices.

(c) A secondary relief device may be provided as spec-
ified by the applicable Modal Appendix.

(d) As an alternative to the stamping requirements of
this Section, a device stamped with the Section VIII, UV
or UD symbol may be used for Section XII application
if it meets the additional requirements of Section XII,
particularly the Modal Appendices.

TR-110 DEFINITIONS

Unless otherwise defined in this Section, definitions
relating to pressure-relief devices in Section 2 of ASME
PTC 25, Pressure Relief Devices, shall apply.

Assembler: a person or organization who purchases or
receives from a Manufacturer or another Assembler the
necessary component parts or pressure-relief valves and
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assembles, adjusts, tests, seals, and ships pressure-relief
valves certified under this Section, at a geographical
location other than and using facilities other than those
used by a Manufacturer. An Assembler may be organiza-
tionally independent of a Manufacturer, or may be
wholly or partly owned by a Manufacturer.

Authorized Observer: an ASME-designated individual
supervising the testing of pressure-relief devices at an
approved test facility following procedures set forth in
ASME PTC 25.

breaking pin: the load-carrying element of a breaking pin
device.

breaking pin device: a nonreclosing pressure-relief device
actuated by inlet static pressure, and designed to func-
tion by breaking a load-carrying pin that supports a
pressure-containing member.

breaking pin housing: the structure that encloses the break-
ing pin mechanism. The material of the housing shall
be listed in Section II and be permitted for use in this
Section except as specified by TR-100(b) or (c).

combination relief device: one nonreclosing pressure-relief
device in series with one pressure-relief valve. Combina-
tion relief devices are used to isolate the pressure-relief
valve from the contents of the tank. This minimizes the
uncontrolled release of a hazardous material, provides
protection of the pressure-relief valve from corrosion
caused by the tank contents, and keeps the valve inlet
free of accumulated solids.

compressibility factor: the ratio of the specific volume of
a given gas or vapor at a particular temperature and
pressure to the specific volume of that gas or vapor as
calculated by ideal gas laws at that temperature and
pressure.

flow rating: the gage pressure at which a pressure-relief
valve is capacity certification tested at, or the pressure
at which a valve nominally achieves its rated flow.

gas: for the purpose of Part TR, a fluid that undergoes
a significant change in density as it flows through the
pressure-relief device.



2010 SECTION XII

liquid: for the purpose of Part TR, a liquid shall be
defined as a fluid that does not undergo a significant
change in density as it flows through the pressure-relief
device.

Manufacturer: within the requirements of Part TR, an
ASME Certificate of Authorization holder responsible
for design, material selection, capacity certification
when required, and manufacture of all component parts,
assembly, testing, sealing, and shipping of pressure-
relief devices certified under this Section.

manufacturing design range: a range of pressure within
which a rupture disk marked burst pressure will be indi-
cated, as agreed upon between the rupture disk
Manufacturer, and the User, or his Agent. If the rupture
disk is used as the primary safety relief device, caution
should be exercised in determining the disk manufactur-
ing range so that the marked burst pressure of the disk
will not exceed the pressure specified in the Modal
Appendices.

nonreclosing pressure-relief device: a pressure-relief device
that opens to relieve pressure at a rated pressure and
specified temperature, and is designed to remain open
after operation.

overpressure: a pressure increase over the set pressure of
a pressure-relief valve, usually expressed as a percentage
of set pressure.

pressure-relief valve: a passive pressure-relief device that
is actuated by static inlet pressure. The opening is char-
acterized by a rapid opening (pop action), or by opening
in proportion to the difference between the static pres-
sure and the set pressure of the valve, depending on the
valve design and the application. A pressure-relief valve
is also designed to reclose to prevent further discharge
of fluid after the inlet pressure decreases below the set
pressure of the valve. Also, referred to as a safety relief
valve, safety valve, relief valve, and pop-off valve.

rated pressure: the pressure at which a nonreclosing pres-
sure relief device operates to allow relief of pressure at
the specified temperature.

rupture disk: the pressure-retaining and pressure-
sensitive element of a rupture disk device. The failure
of the rupture disk is the cause of the opening of the
rupture disk device. Rupture disks need not be flat
round disks, as long as their design configuration meets
the design burst pressure and flow capacity
requirements.

rupture disk device: a nonreclosing differential pressure-
relief device actuated by inlet static pressure and
designed to function by the bursting of a pressure-
retaining disk. The rupture disk device includes the rup-
ture disk, the rupture disk holder, and all other compo-
nents that are required for the device to function in the
prescribed manner.
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rupture disk holder: the structural element that encloses,
clamps, and seals the rupture disk in position.

set pressure: the value of increasing inlet static pressure
at which the pressure-relief device displays an operating
characteristic of popping, measurable lift, discharge
becoming continuous (as determined by seeing, feeling,
or hearing), or start-to-leak pressure. The applicable
operating characteristic for a specific device design is
specified by the device manufacturer. Also known as
set pressure, opening pressure, popping pressure, and set-to-
discharge pressure.

specified disk temperature (supplied to the rupture disk manu-
facturer): the expected temperature of the disk when a
specified overpressure condition exists, and the disk is
expected to rupture.

TR-120 DETERMINING PRESSURE-RELIEF
REQUIREMENTS

(a) Transport tanks covered by this Section shall not
be subjected to pressure exceeding the maximum pres-
sure allowed in the applicable Modal Appendix, except
as noted in TR-120(c).

(b) Calculation of required pressure-relief capacity
should consider fire engulfment and comply with the
most restrictive requirements of the regulatory authority
authorizing use of the tank.

(1) Normally the required relief capacity for liquids
will be based on the uninsulated surface area of the tank.

(2) Required capacity for liquefied compressed
gases and compressed gases is calculated for the specific
gas in a specific tank.

(c) There are certain dangerous goods that may expe-
rience unacceptable pressures due to conditions that
may occur during normal transit, requiring special pro-
visions for overpressure protection and safe transport
to be issued by the cognizant regulatory authorities.
Where these regulatory requirements conflict or exceed
the requirements of this Section, the requirements of
the regulatory authority shall govern the selection and
application of pressure-relief devices.

TR-130 INSTALLATION REQUIREMENTS

(a) Tanks with a capacity of 450 L (120 gal) or larger,
and permanently mounted in a frame or on a vehicle,
shall have the inlets to all pressure-relief device(s)
located at or near the top center of the tank.

(b) All piping, between the pressure-relief device and
the vapor space of the tank, shall be not less than the
size of the pressure-relief device inlet to ensure that
flow capacity is not compromised. When two or more
required pressure-relief devices are connected to a single
opening, the internal cross-sectional area of the opening
shall be not less than the combined inlet areas of the
pressure-relief devices connected to it.
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(c) Stop valves are prohibited on the inlet or discharge
side of a pressure-relief device.

(d) The size of the discharge lines shall be such that
any pressure that may exist or develop will not reduce
the relieving capacity of the pressure-relief devices
below that required to properly protect the vessel, or
adversely affect the proper operation of the pressure-
relief devices.

(e) Materials shall be selected to minimize deteriora-
tion from exposure to the ambient atmosphere or goods
transported.

(f ) The design of the pressure-relief device or its
installation configuration shall not allow accumulation
of rainwater or debris into outlet openings, potentially
interfering with the pressure-relief device operation.
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TR-140 SELECTION AND SETTING OF PRESSURE-
RELIEF DEVICES

(a) The pressure at which the pressure-relief device
is fully opened for a specific transport tank shall be as
set forth in the applicable Modal Appendix. Pressure
relief devices shall be selected and set to prevent
exceeding this pressure.

(b) A combination relief device shall have the
pressure-relief valve set per Article TR-2 and the applica-
ble Modal Appendix.

(c) The requirements of the applicable Modal
Appendix shall also be met.
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Article TR-2
Requirements for Pressure-Relief Valves

TR-200 GENERAL REQUIREMENTS

(a) Pressure-relief valves shall be of the direct acting,
spring-loaded type.

(b) The spring in a pressure-relief valve shall not be
set for pressures greater than 5% above or below the set
pressure marked on the valve, unless the setting is
within the designed operating range of the spring, as
determined and proven during acceptance testing by
the valve Manufacturer.

(c) The set pressure tolerances of pressure-relief
valves shall not exceed ± 14 kPa (2 psi) for pressures up
to and including 483 kPa (70 psi) and ± 3% of set pressure
for pressures above 483 kPa (70 psi).

TR-210 MINIMUM REQUIREMENTS OF PRESSURE-
RELIEF VALVES

Pressure relief valves certified for service in unfired
pressure vessels per Section VIII, Division 1 may be
used in transport tank service, provided that the tank
Manufacturer or User of the tank has determined them
to be suitable for the intended service application. Suit-
ability shall be determined based upon the tempera-
tures, pressures, and compatibility with the goods
transported in the specific application.

TR-210.1 Design and Mechanical Requirements

(a) The design shall incorporate features necessary to
ensure consistent operation and tightness. Consider-
ation shall be given to the effects of galling and friction
on valve operation.

(b) The spring shall be designed so that the full-lift
spring compression shall be no greater than 80% of the
nominal solid deflection, unless a design of equal or
greater spring compression has been tested and meets
the acceptance criteria of Article TR-4. The permanent
set of the spring (defined as the difference between the
free height and height measured 10 min after the spring
has been compressed solid three times after presetting
at room temperature) shall not exceed 0.5% of the free
height.

(c) If the valve seat is not integral with the body of
the pressure-relief valve, it shall be fastened to the body
of the valve in such a way that there is no possibility of
the seat lifting or separating.

(d) Valves having threaded inlet or outlet connections
shall be provided with wrenching surfaces to allow for
normal installation without damaging operating parts.
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(e) The design of pressure-relief valves with external
adjustment points shall provide a means for sealing
adjustments. The seals, attached by the Manufacturer
or Assembler after initial adjustment is completed, shall
be installed in a manner that precludes altering the set-
tings without breaking the seal.

(f ) Valves without external adjustments shall be
designed to allow disassembly for cleaning of pressure
areas and reassembly without altering their operational
settings.

(g) The valve body shall be provided with a drain
port below the level of the seat to minimize collection
of deposits and fluids, except where the pressure-relief
valve is of a design where its outlet is below the level
of the seat and any discharge piping is level with or
below the valve outlet.

(h) All pressure-relief valve designs shall be submit-
ted for capacity certification or testing by a representa-
tive from an ASME-designated organization. Upon
submission, the ASME-designated organization has the
authority to review the design of the pressure-relief
valves for conformity with the requirements of this
Section in accordance with Article TR-4, and to reject or
require modification of designs that do not conform to
the requirements prior to capacity testing.

TR-210.2 Material Requirements for Pressure-Relief
Valves

(a) The seats and disks of pressure-relief valves shall
be of suitable material to resist corrosion by the fluid to
be contained. Cast iron seats and disks are not permitted.

(b) Adjacent sliding surfaces such as guides and disks
or disk holders shall both be of corrosion-resistant mate-
rial. Springs shall be made of corrosion-resistant material
or having a corrosion-resistant coating as required.

The degree of corrosion resistance, appropriate to the
intended service, shall be by agreement between the
Manufacturer and the User.

(c) Valve bodies, bonnets, yokes, and bolting shall be
made of materials acceptable by this Section, or con-
trolled by the Manufacturer of the pressure-relief valve
by a specification ensuring control of chemical and phys-
ical properties and quality at least equivalent to ASTM
standards, and shall be compatible with the material of
the tank upon which they are installed. Materials in
valves subject to operating or environmental tempera-
tures colder than −29°C (−20°F) shall be selected to pro-
vide adequate toughness against brittle fracture.
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(d) All welding, brazing, heat treatment, and nonde-
structive examination used in the construction of bodies,
bonnets, and yokes shall be performed in accordance
with the applicable requirements of this Section.

TR-210.3 Manufacturing and/or Assembly of
Pressure-Relief Valves

(a) A Manufacturer or Assembler shall demonstrate
to the satisfaction of a representative from an ASME-
designated organization that his manufacturing, pro-
duction, testing facilities, and quality control procedures
will ensure close agreement between the performance
of random production samples and valves submitted
for capacity certification testing.

(b) Manufacturing, assembly, inspection, and test
operations (including capacity tests) are subject to
inspections at any time by a representative from an
ASME-designated organization.

(c) A Manufacturer or Assembler may be granted per-
mission to apply the TV Code Symbol to production
pressure-relief valves, provided the following tests are
successfully completed. This permission shall expire on
the sixth anniversary of the date it is initially granted.
The permission may be extended for 6-year periods, if
the following tests are successfully repeated within the
6-month period before expiration.

(1) Two sample production pressure-relief valves
of a size and capacity within the capability of an ASME-
accepted laboratory shall be selected by a representative
from an ASME-designated organization.

(2) Operational and capacity tests shall be con-
ducted in the presence of a representative from an
ASME-designated organization at an ASME-accepted
laboratory. The valve Manufacturer or Assembler shall
be notified of the time of the test and may have represen-
tatives present to witness the test.

(3) Should any valve fail to relieve at or above its
certified capacity or should it fail to meet performance
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requirements of this Section, the test shall be repeated
at the rate of two replacement valves, selected in accor-
dance with TR-210.3(c)(1), for each pressure-relief valve
that failed.

(4) Failure of any of the replacement valves to meet
the capacity or performance requirements of this Section
shall be cause for revocation of the authorization to use
the Code Symbol on that particular type of valve, within
60 days of such failure. During this period, the
Manufacturer or Assembler shall demonstrate the cause
of such deficiency and the corrective action taken to
guard against future occurrence. Restoration of the
authorization to use the Code Symbol on that particular
type of valve may be granted after acceptable corrective
actions have been implemented and the capacity verifi-
cation testing completed.

(d) Use of the Code Symbol Stamp by an Assembler
indicates the use of original, unmodified parts in strict
accordance with the instructions of the Manufacturer of
the valve.

TR-210.4 Production Testing by Manufacturers and
Assemblers

For each pressure-relief valve that is to be Code
Stamped, the following tests shall be applied by the
Manufacturer or Assembler. The Manufacturer or
Assembler shall have a documented program for the
application, calibration, and maintenance of gages and
instruments used during these tests.

(a) Each pressure-relief valve shall be tested after set-
ting to demonstrate its set pressure.

(b) After successful completion of the set pressure test
in TR-210.4(a), each pressure-relief valve shall have its
seat tightness tested. Unless otherwise designated by a
Manufacturer’s published pressure-relief valve specifi-
cation, the seat tightness test and acceptance criteria
shall be in accordance with API 527.
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Article TR-3
Requirements for Nonreclosing Pressure-Relief Devices

TR-300 GENERAL REQUIREMENTS

(a) Nonreclosing pressure-relief devices shall be used
only as part of a combination relief device, except where
their use as the sole overpressure protection device is
specifically authorized by the Competent Authority(s)
with jurisdiction over the tank’s operation.

(b) The burst pressure at the specified disk tempera-
ture shall not exceed the marked burst pressure by more
than ± 14 kPa (2 psi) for marked burst pressures up to
and including 280 kPa (40 psi), or more than ± 5% for
marked burst pressures above 276 kPa (40 psi) unless
other requirements are identified by the Competent
Authority or by the Modal Appendices.

(c) The design of the nonreclosing pressure-relief
device shall be such that, upon activation, the proper
function of the pressure-relief valve is not affected.
Examples are contact between the nonreclosing
pressure-relief device components, and the pressure-
relief valve or release of rupture disk fragments into the
pressure-relief valve.

TR-310 MINIMUM REQUIREMENTS FOR RUPTURE
DISK DEVICES

Rupture disk devices certified for service in unfired
pressure vessels per Section VIII, Division 1 may be used
in transport tank service, provided that the
Manufacturer or User of the tank has determined them
to be suitable for the intended service application. Suit-
ability shall be determined based upon the tempera-
tures, pressures, and goods transported in the specific
application.

When using rupture disk devices, the User shall pro-
vide the margin between tank operating pressure and
rupture disk bursting pressure recommended by the
rupture disk Manufacturer to reduce the potential for
premature activation of the rupture disk. The use of a
single rupture disk that responds to both overpressure
and underpressure, or two separate rupture disks
designed to independently relieve overpressure and
underpressure should be considered when there is the
potential for tank failure from vacuum as well as over-
pressure conditions.

TR-310.1 Design and Mechanical Requirements

(a) The design shall incorporate features necessary to
ensure consistent operation and tightness.
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(b) Rupture disk devices shall be designed to allow for
normal installation without damaging the rupture disk.

TR-310.2 Material Selections

(a) The rupture disk material is not required to con-
form to a material specification listed in Section II. The
rupture disk material shall be controlled by the
Manufacturer of the rupture disk device by a specifica-
tion ensuring consistent material properties.

(b) Materials used in the construction of rupture disk
holders shall be listed in Section II and this Section.

(1) Carbon and low alloy steel holders and bolting
subject to in-service temperatures colder than −29°C
(−20°F) shall be selected to provide adequate toughness
against brittle fracture.

(2) Materials used in other parts contained within
the external structure of the rupture disk holder shall
be one of the following categories:

(a) listed in Section II
(b) listed in ASTM specifications
(c) controlled by the Manufacturer of the rupture

disk device by a specification ensuring consistent chemi-
cal and physical properties and produced to a quality at
least equivalent to that required by the ASTM standards

TR-310.3 Welding and Other Requirements

All welding, brazing, heat treatment, and nondestruc-
tive examination used in the construction of rupture
disk holders shall be performed in accordance with the
applicable requirements of this Section.

TR-310.4 Inspection, Manufacture, and Testing of
Rupture Disk Devices

(a) A Manufacturer shall demonstrate to the satisfac-
tion of a representative of an ASME-designated organi-
zation that its manufacturing, production, testing
facilities, and quality control procedures will ensure
close agreement between the performance of random
production samples and performance of those devices
submitted for Certification. At the time of this inspec-
tion, the representative of the ASME-designated organi-
zation has the authority to review the rupture disk
design for conformity with the requirements of TR-310.1
and TR-310.2, and to reject or require modification of
designs that do not conform.

(b) Manufacturing, assembly, inspection, and test
operations are subject to inspections at any time by an
ASME Designee.
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(c) A Manufacturer may be granted permission to
apply the TD Code Symbol to production rupture disk
devices certified in accordance with Article TR-4, pro-
vided the following tests are successfully completed.
This permission shall expire on the fifth anniversary of
the date it is initially granted. The permission may be
extended for additional 5-year periods, if the following
tests are successfully repeated within 6 months preced-
ing each expiration.

(1) Two production sample rupture disk devices,
of a size and capacity within the capability of an
ASME-accepted laboratory, shall be selected by a repre-
sentative of an ASME-designated organization.

(2) Burst and flow testing shall be conducted in
the presence of a representative of an ASME-designated
organization at a testing facility meeting the require-
ments of Article TR-4. The device Manufacturer shall be
notified of the time of the test and may have representa-
tives present to witness the test.

(3) Should any device fail to meet the performance
requirements (burst pressure, minimum net flow area,
or flow resistance) of Article TR-4, the test(s) shall be
repeated at the rate of two replacement devices selected
and tested in accordance with TR-310.4(c)(1) and (c)(2)
for each device that failed.

(4) Failure of any of the replacement devices to
meet the performance requirements of this Section shall
be cause for revocation of the authorization to use the
Code Symbol on that particular type of rupture disk
device design within 60 days of notification. The Manu-
facturer shall determine the cause of the deficiency and
outline the corrective action taken to guard against
future recurrences. The requirements of TR-310.5(b) shall
be met in a satisfactory manner before reinstatement of
the authorization to apply the Code Symbol.

TR-310.5 Production Testing by Manufacturers

Each rupture disk device to which the Code Symbol
Stamp is to be applied shall be subjected to the following
tests by the Manufacturer. The Manufacturer shall have
a documented program for application, calibration, and
maintenance of gages and instruments used during
these tests.

(a) The pressure parts of each rupture disk holder
exceeding DN 25 (NPS 1) inlet size or 2 070 kPa (300 psi)
design pressure where the materials used are either cast
or welded shall be tested at a pressure of at least 1.3
times the design pressure of the parts. These tests shall
be conducted after all machining operations on the parts
have been completed but prior to installation of the
rupture disk. There shall be no visible sign of leakage.

(b) Each lot of rupture disks shall be tested in accor-
dance with one of the following methods. (A lot of rup-
ture disks is that quantity of disks manufactured of a
given material specification at the same time, of the same
size, thickness type, heat, heat-treatment condition, and
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manufacturing process). All tests of disks for a given
lot shall be made in a holder of the same form and
pressure area dimensions as that being used in service.
Sample rupture disks, selected from each lot of rupture
disks, shall be made from the same material and of the
same size as those to be used in service. Test results
shall be applicable only to rupture disks used in disk
holders supplied by the rupture disk Manufacturer.

(1) At least two sample rupture disks from each lot
shall be burst at the specified disk temperature. The
marked burst pressure shall be determined so that the
sample rupture disk burst pressures are within the burst
pressure tolerance specified by TR-300(b).

(2) At least four sample rupture disks, but not less
than 5%, from each lot shall be burst at four different
temperatures distributed over the temperature range for
which the disks will be used.

(a) The data shall be used to establish a smooth
curve of bursting pressure versus temperature for the
lot of rupture disks.

(b) The value for the marked burst pressure at a
specified temperature shall be determined from the
curve described in TR-310.5(b)(2)(a).

(c) The burst pressure for each data point shall
meet the burst pressure tolerances specified by
TR-300(b).

(3) For prebulged solid metal disks or graphite
disks only, at least four sample rupture disks using one
size of disk from each lot shall be burst at four different
temperatures, distributed over the temperature range
for which the rupture disks will be used.

(a) The data shall be used to establish a smooth
curve of percent change in burst pressure versus temper-
ature for the lot of rupture disks.

(b) The burst pressure for each data point of the
curve shall meet the burst pressure tolerances specified
in TR-300(b).

(c) At least two disks from each lot of rupture
disks, shall be burst at the ambient temperature to estab-
lish the room temperature rating of the lot of disks.
Based upon the room temperature burst pressure, the
curve described in TR-310.5(b)(3)(a) shall be used to
establish the marked burst pressure at the specified disk
temperature of the lot of disks.

TR-310.6 Installation Requirements

(a) A rupture disk device may be used as the sole
pressure-relieving device on the vessel under the provi-
sions of TR-300(a).

(b) A rupture disk device may be installed between
a pressure-relief valve and the tank, provided

(1) the combined flow capacity of the spring loaded
pressure-relief valve and the disk device is sufficient to
meet the requirements of Article TR-1 and the applicable
Modal Appendix.
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(2) the marked capacity of a pressure-relief valve
(nozzle type) when installed with a rupture disk device
between the inlet of the valve and the vessel shall be
multiplied by a factor of 0.90 of the rated relieving capac-
ity of the valve alone. Alternatively, the capacity of such
a combination shall be established in accordance with
TR-310.6(b)(3).

(3) the capacity of the combination of the rupture
disk device and the spring loaded pressure-relief valve
may be established in accordance with Article TR-4.

(4) the space between a rupture disk device and a
pressure-relief valve shall be provided with a pressure
gage, try cock, free vent, or other suitable telltale indica-
tor. This permits detection of disk rupture or leakage at
pressures lower than the set point of the pressure-relief
valve.

Users are warned that a rupture disk will not burst
at its marked bursting pressure if back pressure builds
up in the space between the disk and the safety valve
because of leakage through the rupture disk due to corro-
sion or other forms of deterioration.

(5) the opening provided through the rupture disk,
after bursting, shall be sufficient to permit a flow equal
to the capacity of the pressure-relief valve [see
TR-310.6(b)(2)], and the design shall assure that the
bursting of the disk will not interfere with the proper
functioning of the pressure-relief valve. In addition, the
flow area of the burst rupture disk shall be not less than
90% of the area of the inlet of the valve, unless the
capacity and functioning of the specific combination of
rupture disk and valve have been established by test in
accordance with Article TR-4.

(c) A rupture disk shall not be installed on the dis-
charge side of a pressure-relief valve.

166

TR-320 BREAKING PIN DEVICES

(a) The space between a breaking pin device and a
pressure-relief valve shall be provided with a pressure
gage, try cock, free vent, or other suitable telltale indica-
tor. This arrangement permits detection of pin breakage
or device leakage at pressures lower than the set point
of the pressure-relief valve.

(b) Each breaking pin device shall have a rated pres-
sure at which the pin will break at the specified tempera-
ture. The breaking pin shall be identified by lot, and
shall be guaranteed by the Manufacturer to break at
the rated pressure and specified temperature within the
following tolerances:

Rated Pressure, kPa (psi)
Pin Breaking Tolerance,

Min. Max. ± kPa (psi)

207 (30) 1 035 (150) 34.5 (5)
1 036 (151) 1 898 (275) 69 (10)
1 899 (276) 2 588 (375) 103.5 (15)

(c) When used as the sole pressure-relief device, the
rated pressure of the breaking pin, plus the breaking
tolerance, shall not exceed the maximum allowable over-
pressure for the tank to which it is applied. When used
as part of a combination relief device, the rated pressure
of the breaking pin plus the breaking tolerance shall not
exceed the set point of the pressure-relief valve.

(d) The rated pressure at the specified temperature
shall be verified by breaking two or more sample break-
ing pins from each lot of the same material and size as
those to be used. The lot size shall not exceed 25. The
test shall be made in a device of the same form and
dimensions as that in which the breaking pin is to be
used.
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Article TR-4
Certification of Capacity of Pressure-Relief Devices

TR-400 GENERAL REQUIREMENTS

(a) Before the Code Symbol is applied to any pressure
relief device, the Manufacturer shall have the device
certified in accordance with the provisions of this Article.

(b) For pressure-relief valves, a capacity certification
test is required on a set of three valves for each combina-
tion of size, design, and pressure setting.

(1) Capacity certification tests shall be conducted
at the full open pressure (120% of the set pressure or as
specified in the appropriate Modal Appendix).

(2) Capacity certification tests for pressure-relief
devices shall be conducted using air or gas.

(3) The stamped capacity rating for each combina-
tion of design, size, and test pressure shall not exceed
90% of the average capacity of the three devices tested.

(4) The capacity of each set of three valves shall
fall within a range of ±5% of the average capacity.

(5) The blowdown pressure of valves shall be noted
and recorded.

(6) Failure to meet these requirements shall be
cause for rejection of authorization to certify that partic-
ular pressure-relief device design.

(c) If a Manufacturer wishes to apply the Code
Symbol to multiple sizes of a specific pressure-relief
valve design, four valves of each combination of pipe
size and/or orifice size shall be tested. These four valves
shall be set at pressures that cover the approximate range
of pressures for which the valve will be used or the
range available at the certified test facility that shall
conduct the tests. The capacities based on these four
tests shall be as follows:

(1) For compressible fluids, the slope W/P of the
actual measured capacity versus the flow pressure for
each test point shall be calculated and averaged:

slope p
W
P

p
measured capacity

absolute flow pressure

All values derived from the testing shall fall within
±5% of the average value; i.e.,

Minimum slope p 0.95 (average slope)

Maximum slope p 1.05 (average slope)

If the values derived from the testing do not fall
between the minimum and maximum slope values, the
Authorized Observer shall require two additional
devices be tested for each device that falls beyond the
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maximum and minimum values, with a maximum of
four additional devices tested.

(2) The relieving capacity to be stamped on the
valve shall not exceed 90% of the average slope times
the absolute accumulation pressure:

stamped capacity ≤ (rated slope) [(full open
pressure) + 1.014 bar (14.7 psi)]

or

(rated slope) [(set pressure) + 0.207 bar (3 psi) +
1.014 bar (14.7 psi)]

whichever is greater,

where

rated slope p 0.90 (average slope)

(d) Instead of individual capacity certification as pro-
vided in TR-400(c), a coefficient of discharge K may be
established for a specific pressure-relief device according
to the following procedure:

(1) For each design, the pressure-relief device
Manufacturer shall submit for test at least three sample
devices for each of three different sizes (a total of at least
nine valves), together with detailed drawings showing
the valve construction. Each valve of a given size shall
be set at a different pressure.

(2) Tests shall be made on each pressure-relief valve
to determine its capacity, lift, popping and blowdown
pressures, and actual capacity for the fluid used in the
test. A coefficient, KD shall be established for each test
run as follows:

KD p
actual flow

theoretical flow
p coefficient of discharge

where, actual flow is determined quantitatively by test
and theoretical flow is calculated by the following equa-
tions:

(a) For tests with air

WT p 356AP (M/T)
1⁄

2

(b) For tests with gas

WT p CAP (M/ZT)
1⁄

2
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where
A p actual discharge area through the valve at

developed lift
C p constant for gas or vapor based on ratio of

specific heats, k p cp/cv

M p molecular weight
P p the greater of full open pressure + atmo-

spheric pressure, or
p set pressure + 3 psi + atmospheric pressure

T p absolute temperature at inlet
WT p theoretical flow

Z p compressibility factor corresponding to P
and T

The average of the coefficients KD of all the tests per-
formed shall be multiplied by 0.90, and this value shall
be taken as the coefficient K of that design. The coeffi-
cient of the design shall not exceed 0.878 (the product
of 0.9 � 0.975).

NOTE: All experimentally determined coefficients KD shall fall
within a range of ± 5% of the average KD found. Failure to meet
this requirement shall be cause to refuse certification of that particu-
lar valve design.

(3) The certified relieving capacity of all sizes and
pressures of a given pressure-relief device design shall
not exceed the value calculated by the appropriate equa-
tion in TR-200(d)(2) multiplied by the coefficient K.

(4) The coefficient K shall not be applied to
pressure-relief devices with a beta ratio (ratio of valve
throat to inlet diameter) outside the range of 0.15 to
0.75, unless test data demonstrates that KD is within
a range of ±5% of the average coefficient K for these
devices.

(5) For designs where the lift is used to determine
the flow area, all valves shall have the same nominal
ratio of lift-to-seat diameter (L/D).

(e) Tests shall be conducted at a place where the test-
ing facilities, methods, procedures, and person supervis-
ing the tests (Authorized Observer) meet the applicable
requirements of ASME PTC 25.

(1) The tests shall be made under the supervision
of and certified by an Authorized Observer.

(2) The testing facilities, methods, procedures, and
qualifications of the Authorized Observer shall be sub-
ject to the acceptance of the ASME or recommendation
of an ASME Designee.

(3) Acceptance of the testing facility shall be
granted for a period of five years and is subject to review
and renewal at the end of each acceptance period.

(f) Capacity test data reports for each device model,
type, and size, signed by the Manufacturer and the
Authorized Observer witnessing the tests shall be sub-
mitted to the ASME-designated organization for review
and acceptance. Valve capacities are published in
Pressure Relief Device Certifications. This publication may
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be obtained from the National Board of Boiler and
Pressure Vessel Inspectors.

(g) When changes are made in the design of a
pressure-relief device that affect the flow path, lift, or
performance characteristics of the device, new tests shall
be performed in accordance with this Article.

TR-410 CERTIFICATION OF CAPACITY OF
PRESSURE-RELIEF VALVES INSTALLED IN
COMBINATION WITH NONRECLOSING
PRESSURE-RELIEF DEVICES

(a) Capacity Testing of Pressure-Relief Valves Installed in
Combination With a Rupture Disk on the Inlet Side of the
Valve

(1) For each combination of pressure-relief valve
design and rupture disk design, the pressure-relief valve
Manufacturer or the rupture disk Manufacturer may
have the capacity of the combination certified as pre-
scribed in TR-410(a)(3) or (a)(4).

(2) Capacity certification tests shall be conducted
using air or gas.

(3) The pressure-relief valve Manufacturer or the
rupture disk device Manufacturer may submit for tests
the smallest rupture disk device size with the equivalent
size of pressure-relief valve that is intended to be used
as a combination device. The pressure-relief valve to be
tested shall have the largest orifice used in the particular
inlet size.

(4) Tests may be performed in accordance with the
following subparagraphs. The rupture disk and pres-
sure-relief valve combination to be tested shall represent
the assembly of the actual design.

(a) The test shall represent the minimum burst
pressure of the rupture disk design to be installed in
combination with a specific pressure-relief valve design.
The marked bursting pressure of the disk shall be
between 90% and 100% of the pressure-relief valve set
pressure.

(b) The test procedure shall be as follows:
(1) The pressure-relief valve shall be tested for

capacity as an individual valve, without the rupture
disk, at 120% of set pressure. The rupture disk shall then
be installed on the inlet side of the safety relief valve.

(2) A capacity test of the combination device
shall be performed at 120% of the valve set pressure,
duplicating the valve test performed as required by
TR-410(a)(4)(b)(1).

(c) Tests shall be repeated with two additional
rupture disks of the same nominal rating for a total of
three rupture disks to be tested with the single valve.
The resulting capacity of each test shall fall within 10%
of the average capacity of the three tests. Failure to meet
this requirement shall be cause to require determination
of cause of the discrepancies and retest.
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(d) From the results of the tests, a Combination
Capacity Factor shall be determined. The Combination
Capacity Factor is the ratio of the average capacity deter-
mined by the combination tests to the capacity
determined on the individual valve. The maximum
value for the Combination Capacity Factor shall not be
greater than 1.0.

(e) The Combination Capacity Factor shall be
used as a multiplier to make appropriate changes in
the ASME-rated relieving capacity of the pressure-relief
valve in all sizes of the design. The Combination
Capacity Factor shall apply only to combinations of the
same design of pressure-relief valve and same design
of rupture disk as those tested.

(f) The test laboratory shall submit the test results
to the representative from an ASME-designated organi-
zation for acceptance of the Combination Capacity
Factor.

(b) Optional Testing of Rupture Disks and Pressure Relief
Valves

(1) A valve or rupture disk Manufacturer may con-
duct tests, as outlined in TR-410(a)(4)(b) and (a)(4)(c),
using the next two larger sizes of the same design of
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rupture disk and pressure-relief valve to determine a
Combination Capacity Factor applicable to larger sizes.
If a greater Combination Capacity Factor is established
through this process, and can be certified, it may be
used for all larger sizes of the combination.

(2) If desired, additional tests may be conducted at
higher pressures, in accordance with TR-410(a)(4)(b) and
(a)(4)(c), to establish a maximum Combination Capacity
Factor to be used at all pressures higher than the highest
pressure previously tested.

TR-420 CAPACITY TESTING OF BREAKING PIN
DEVICES INSTALLED IN COMBINATION
WITH SAFETY RELIEF VALVES

(a) Breaking pin devices installed in combination with
pressure-relief valves shall be capacity tested in compli-
ance with the provisions of TR-400 in combination with
a specific pressure-relief valve to determine a combined
rating.

(b) Capacity certification and Code Symbol stamping
shall be based on the combined capacity established by
testing.
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Article TR-5
Marking and Certification

TR-500 GENERAL REQUIREMENTS

Each pressure-relief device to which the Code
Symbol(s) in Figs. TR-510 and TR-520 will be applied
shall be:

(a) manufactured, fabricated, and/or assembled in
accordance with the requirements of Part TR of this
Section by a Manufacturer or Assembler holding a valid
Certificate of Authorization

(b) capacity tested and certified in accordance with
the requirements of Article TR-4 of this Section

TR-510 MARKING AND CERTIFICATION OF
PRESSURE-RELIEF VALVES

Each pressure-relief valve meeting the requirements
of this Section shall be plainly marked by the
Manufacturer or Assembler with the required data in
such a way that the markings will not be obliterated in
service. The markings may be placed either on the valve
or on a tag attached to the valve. The minimum markings
required are

(a) the name, or an acceptable abbreviation, of the
Manufacturer or Assembler

(b) Manufacturer’s design or type number and date
of manufacture

(c) nominal seat and inlet connection diameters
(d) set pressure, in bars (psig)
(e) Certified Flowing Capacity at full open pressure,

in standard cubic feet per minute, SCFM (at 60°F and
14.7 psia) of air, or in standard cubic meters/hour (at
16°C and 101 kPa) of air where applicable

(f) year built or alternatively, a date code that enables
the valve Manufacturer or Assembler to identify the year
the valve was assembled or tested

(g) ASME Symbol as shown in Fig. TR-510

TR-520 MARKING AND CERTIFICATION OF
RUPTURE DISK DEVICES

Every rupture disk shall be plainly marked by the
Manufacturer in such a way that the markings will not
be obliterated in service. The rupture disk markings may
be placed on the flange of the disk, a tab that satisfies
TS-130 requirements or, if neither of these will be visible
when the disk is in service, a tab attached as close as
possible to the discharge side of the disk and visible
when installed. The markings shall include the
following:
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Fig. TR-510 Official Code Symbol Stamp to Denote
ASME’s Standard Pressure-Relief Valves for Transport

Tanks

Fig. TR-520 Official Code Symbol Stamp to Denote
ASME’s Standard Rupture Disk Devices for Transport

Tanks

(a) name or identifying trademark of the
Manufacturer

(b) Manufacturer’s design or type number
(c) lot number
(d) disk material
(e) size (NPS or nominal diameter, in. or mm)
(f) marked bursting pressure, in psig; in bars where

applicable
(g) specified disk temperature, °F, and °C where

applicable
(h) minimum net flow area, in.2 (cm2)
(i) certified flow resistance coefficient, Kr

(j) ASME Code Symbol, as shown in Fig. TR-520
(k) year built or, alternatively, a date code that enables

the disk Manufacturer or disk Assembler to identify the
year the disk was manufactured or the disk and holder
assembly was assembled

Items specified in TR-520(a), (b), and (e), and the flow
direction shall also be marked on the rupture disk holder.

TR-530 MARKING AND CERTIFICATION OF
PRESSURE-RELIEF VALVES INSTALLED IN
COMBINATION WITH RUPTURE DISK
DEVICES

Pressure relief valves installed in combination with
rupture disk devices shall be marked with the capacity
or the combination capacity factor established by testing
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in accordance with Article TR-4, in addition to the mark-
ings of TR-510. The markings may be placed on the valve
or on a tag attached to the valve. The markings shall
include the following:

(a) name of the Manufacturer of the valve
(b) design or type number of the valve
(c) name of the Manufacturer of the rupture disk
(d) design or type number of the disk
(e) combined capacity, or combination factor
(f) name of organization responsible for this marking

(This may be the tank user, tank Manufacturer, or the
pressure-relief valve Manufacturer.)
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TR-540 MARKING AND CERTIFICATION OF
PRESSURE-RELIEF VALVES INSTALLED IN
COMBINATION WITH BREAKING PIN
DEVICES

A pressure-relief valve installed in combination with
a breaking pin device shall be marked in accordance
with TR-510. In addition, the rated breaking pressure
shall be marked on the breaking pin and the breaking
pin device housing.
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PART TS
STAMPING, MARKING, CERTIFICATION, REPORTS,

AND RECORDS

Article TS-1
Contents and Method of Stamping Transport Tanks

TS-100 REQUIRED MARKINGS

Each transport tank to which the Code Symbol is
applied shall be marked with the following:

(a) the official Code “T” Symbol shown in Fig. TS-100.
(b) the name of the Manufacturer of the transport

tank, preceded by the words “Certified by.”
(c) the maximum allowable working pres-

sure at temperature . When a transport
tank is expected to operate at more than one pressure
and temperature, other values of coincident pressure
and design temperature may be added. This is not
required for parts.

(d) the minimum design metal temperature at
pressure .

(e) the Manufacturer’s serial number.
(f) the year built.
(g) the vessel Class shall be indicated directly under

the Code Symbol by applying the appropriate Class
number based on the applicable Modal Appendix used
for construction as follows:

Vessel Class

CLASS 1
CLASS 2
CLASS 3

(h) The type of construction used for the vessel shall
be indicated directly under the vessel Class by applying
the appropriate letter(s) as follows: vessels having
Category A, B, or C joints (except nozzles or other open-
ings and their attachments) in or joining parts of the
vessel:

Type of Construction Letter(s)

Arc or gas welded W
Pressure welded (except resistance) P
Resistance welded RES

Vessels embodying a combination of types of con-
struction shall be marked to indicate all of the types of
construction used.
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Fig. TS-100 Form of Stamping

Certified by

Pressure at Temperature

Class Temperature at Pressure

(Name of Manufacturer)

Max. allowable working pressure

Min. design metal temperature

Manufacturer’s serial number

Year built

(i) the maximum allowable working pressure and
temperature to be indicated on transport tanks embody-
ing a combination of types of construction and material
shall be based on the most restrictive detail of construc-
tion and material used.

(j) when a transport tank has been radiographed in
accordance with Part TE, marking shall be applied under
the Code Symbol as follows:

(1) “RT-1” when all pressure retaining butt welds,
other than Categories B and C butt weld associated
with nozzles and communicating chambers that neither
exceed DN 250 (NPS 10) nor 29 mm (11⁄8 in.) wall thick-
ness, except as required by TE-230.5, have been radio-
graphically examined for their full length in the manner
prescribed in TE-230.1(a); full radiography of the above
exempted Categories B and C butt welds, if performed,
may be recorded on the Manufacturer’s Data Report

(2) “RT-2” when the completed transport tank sat-
isfies the requirements of TE-230.1(a)(4)(a) and when
the spot radiography requirements of TE-230.1(a) and
TE-230.1(a)(4)(b) have been applied
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(3) “RT-3” when the completed transport tank sat-
isfies the spot radiography requirements of TE-230.1(b)

(4) “RT-4” when only part of the completed trans-
port tank has satisfied the radiographic requirements
of TE-230.1(a) or where none of the markings “RT-1,”
“RT-2,” or “RT-3” are applicable.

The extent of radiography and the applicable joint
efficiencies shall be noted on the Manufacturer’s Data
Report.

(k) The letters “HT” shall be applied under the Code
Symbol when the complete vessel has been postweld
heat treated as provided in TF-700.

(l) The letters “PHT” shall be applied under the Code
Symbol when only part of the complete vessel has been
postweld heat treated.

The extent of the postweld heat treatment shall be
noted on the Manufacturer’s Data Report.

TS-100.1 Methods of Marking Multicompartment
Transport Tanks

The requirements of either TS-100.1(a) or (b) shall be
applied when marking tanks having two or more inde-
pendent pressure compartments designed for the same
or different operating conditions.

(a) The markings may be grouped in one location on
the tank, provided they are arranged so as to indicate
clearly the data applicable to each compartment, includ-
ing the maximum differential pressure for the common
elements, when this pressure is less than the higher
pressure in the adjacent compartments.

(b) The complete markings may be applied to each
independent compartment. In addition to the marking
information stated in TS-100, the maximum pressure
differential for pressure-retaining elements common to
more than one pressure compartment shall be included.
This differential pressure may be greater or lesser than
the pressure rating for the adjacent pressure
compartment.

TS-100.2 Location of Markings

(a) The markings required by TS-100 shall be stamped
on a nameplate attached in a readily accessible location.

(b) An additional nameplate containing identical
markings may be attached to the support, jacket, or other
permanent attachment for greater access or visibility.
The additional nameplate shall be marked “Duplicate”
above the required markings. The stamping and attach-
ment of this additional nameplate need not be witnessed
by the Inspector, but shall be verified to correspond
with the required markings prior to completion of the
Manufacturer’s Data Report.

TS-110 MARKING OF PARTS

Parts of transport tanks for which Partial Data reports
are required in TS-310, shall be marked by the parts
Manufacturer with the following:
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(a) official Code Symbol shown in Fig. TS-100 above
the word “Part”

(b) Class (1, 2, or 3)
(c) name of the manufacturer of the tank part, pre-

ceded with the words “Certified by”
(d) Manufacturer’s serial number
This requirement does not apply to standard pressure

parts such as handhole covers, manhole covers, and
other components supplied under the provisions of
TG-130.

TS-120 APPLICATION OF CODE SYMBOL STAMP

(a) The Manufacturer completing construction of a
Code tank shall have a valid Certificate of Authorization
for applying the Code Symbol. The Code Symbol shall
be spplied only with the authorization of the Inspector.
Application of the Code Symbol, together with the
Manufacturer’s final certification of the Data Report,
shall be the Manufacturer’s confirmation that all applica-
ble Code requirements have been met.

(b) Except as provided in TS-110(c), the Code Symbol
shall be applied after the required final pressure test of
the completed tank.

(c) The Code Symbol may be preapplied to a name-
plate. The nameplate may be attached to the vessel after
completion of fabrication, but before the final pressure
test, provided the procedure for controlling the Code
stamping and attachment of the nameplate is described
in the Manufacturer’s Quality Control System.

TS-130 NAMEPLATES
TS-130.1 Nameplate Attachment

The markings required in TS-100 shall be applied to
a separate nameplate permanently attached to the tank.
Removal of the nameplate or its attachment hardware
shall require the willful destruction of it. Nameplates
may be attached by:

(a) welding, brazing, or soldering
(b) tamper-resistant mechanical fasteners
(c) adhesive attachments (see Mandatory Appendix

XI)

TS-130.2 Stamping of Nameplate
The Code Symbol and the Manufacturer’s serial num-

ber shall be stamped on the nameplate, but the other
required data may be stamped, etched, cast, or impres-
sed thereon. The characters shall be not less than 4 mm
(5⁄32 in.) high. The arrangement shall be substantially
shown as in Fig. TS-100.

TS-130.3 Verification of Nameplate Data
If the nameplate is marked and the Code Symbol

applied before it is affixed to the vessel, the Manufac-
turer and the Inspector shall verify that the nameplate
markings are correct for the vessel to which it will be
attached.
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Article TS-2
Obtaining and Applying Code Symbol Stamps

to Transport Tanks

TS-200 CODE SYMBOL STAMPS

A Certificate of Authorization to apply the T symbol
shown in Fig. TS-100 to completed tanks and/or parts
will be granted by the Society pursuant to the provisions
of the following paragraphs. Stamps for applying the
Code Symbol shall be obtained from the Society.

TS-200.1 Application for Authorization

(a) Any organization desiring a Certificate of
Authorization shall apply to the Boiler and Pressure
Vessel Committee of the Society, on forms issued by the
Society,1 specifying the Code Symbol Stamp desired and
the scope of Code activities to be performed.

(b) When an organization intends to build Code items
in multiple plants located in more than one geographical
area, either separate applications for each plant, or a
single application listing the addresses of all such plants
may be submitted. The application shall identify the
Inspection Entity (see Article TG-4) providing the
required Code inspections at each plant. A separate
Certificate of Authorization will be prepared and a sepa-
rate fee charged by the Society for each plant.

(c) The applicant must agree that each Certificate of
Authorization and each Code Symbol Stamp are at all
times the property of the Society, that they will be used
according to the rules and regulations of this Section of
the Code, and that they will be promptly returned to
the Society upon demand, or when the applicant discon-
tinues the Code activities covered by the certificate, or
when the Certificate of Authorization has expired with-
out the issuance of a new certificate. The holder of a
Code Symbol Stamp shall not allow any other organiza-
tion to use it.

TS-200.2 Issuance of Authorization

(a) Authorization to use Code Symbol Stamps may
be granted or withheld by the Society in its absolute
discretion. If authorization is granted and the proper
administrative fee paid, a Certificate of Authorization
evidencing permission to use any such symbol, expiring

1 The application forms and related information may be obtained
by writing to the Secretary, ASME Boiler and Pressure Vessel
Committee, Three Park Avenue, New York, NY 10016-5990.
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on the triennial anniversary date thereafter, will be for-
warded to the applicant. Each such certificate will iden-
tify the Code Symbol to be used, and the type of shop
and/or field operations for which authorization is
granted (see Nonmandatory Appendix D, Guide to
Information Appearing on Certificate of Authorization).
The certificate will be signed by the Chairman of the
Boiler and Pressure Vessel Standards Committee and
the Director of Accreditation and Certification.

(b) Six months prior to the date of expiration of any
such certificate, the applicant must apply for a renewal
of such authorization and the issuance of a new
certificate.

(c) The Society reserves the absolute right to cancel
or refuse to renew such authorization, returning, pro
rata, fees paid for the unexpired term.

(d) The Boiler and Pressure Vessel Standards
Committee may at any time make such regulations con-
cerning the issuance and use of Code Symbol Stamps
as it deems appropriate, and all such regulations shall
become binding upon the holders of any valid
Certificates of Authorization.

TS-200.3 Inspection Agreement

(a) As a condition of obtaining and maintaining a
Certificate of Authorization to use the Code Symbol
Stamp, the Manufacturer must have in force at all times
an inspection contract or agreement with the appropriate
Inspection Entity as defined in TG-430 to provide inspec-
tion services. This inspection agreement is a written
agreement between the Manufacturer and the Inspection
Entity, which specifies the terms and conditions under
which the inspection services are to be furnished and
which states the mutual responsibilities of the
Manufacturer and the Inspectors. A certificate holder
shall notify the Society whenever their agreement with
an Inspection Entity is cancelled or changed to another
inspection entity.

(b) Manufacturers or Assemblers of pressure-relief
valves are not required to have an inspection agreement
with an Inspection Entity.

TS-200.4 Quality Control System

Any Manufacturer or Assembler holding or applying
for a Certificate of Authorization shall have, and demon-
strate the use of, a Quality Control System to ensure
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that all Code requirements, including materials, design,
fabrication, examination (by the Manufacturer), inspec-
tion (by the Inspector), pressure testing, and certifica-
tion, will be met. The Quality Control System shall be
prepared to comply with the requirements of Mandatory
Appendix I.

TS-200.5 Evaluation for Authorization and
Subsequent Renewals

(a) Before issuance or renewal of a Certificate of
Authorization, the Manufacturer’s facilities and organi-
zation are subject to a joint review by a representative
of his inspection entity and an individual certified as
an ASME Designee who is selected by the concerned
legal jurisdiction. A written description or checklist of
the Quality Control System, which identifies what docu-
ments and what procedures the Manufacturer will use
to produce a Code item, shall be available for review.

(b) A written report to the Society shall be made
jointly by the ASME Designee and the Inspection Entity
employed by the Manufacturer, stating the results of
the review. This report is then to be reviewed by the
Subcommittee on Boiler and Pressure Vessel
Accreditation, which will either issue a Certificate of
Authorization or notify the applicant of deficiencies
revealed by the review. In such case, the applicant will
be given an opportunity to explain or correct these
deficiencies.

(c) Certificates of Authorization shall state the scope
of activities authorized, including tank class(es). Autho-
rization may include field operations if the review team
determines that these operations are adequately
described in the Quality Control Manual, and this deter-
mination is accepted by the Society.

(d) Before issuance or renewal of a Certificate of
Authorization, the valve Manufacturer’s or Assembler’s
facilities and organization are subject to a review by an
ASME Designee. A written description or checklist of the
Quality Control System, which identifies the documents
and procedures the Manufacturer or Assembler will use
to produce Code pressure-relief valves, shall be available
for review. The ASME Designee shall make a written
report to the Society, stating the results of the review.
The Subcommittee on Boiler and Pressure Vessel
Accreditation will act on the report, as described above.

(e) The purpose of the review is to evaluate the appli-
cant’s Quality Control System and its implementation.
The applicant shall demonstrate sufficient administra-
tive and fabrication functions of the system to demon-
strate sufficient knowledge and capabilities to produce
the Code items covered by the intended Certificate of
Authorization. Fabrication functions may be demon-
strated using current work, a mockup, or a combination
of the two.
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(f) The Manufacturer may at any time make changes
in the Quality Control System, concerning the methods
of achieving results, subject to acceptance by the
Authorized Inspector for Classes 1, 2, and 3 vessels, the
Qualified Inspector for Classes 2 and 3 vessels, and the
ASME Designee for Class 3 vessels. For Manufacturers
and Assemblers of pressure-relief valves, such accept-
ance shall be by the ASME Designee.

(g) For those areas where there is no jurisdiction, or
where a jurisdiction does not choose to select an ASME
Designee to review a vessel or vessel parts
Manufacturer’s facility, that function shall be performed
by an ASME Designee selected by ASME. Where the
jurisdiction is the Manufacturer’s inspection agency, the
joint review and joint report shall be made by the juris-
diction and an ASME Designee selected by ASME.

TS-200.6 Code Construction Before Receipt of
Certificate of Authorization

A Manufacturer may begin fabricating Code items
before receipt of a Certificate of Authorization to apply
a Code Symbol, under the following conditions:

(a) the fabrication is conducted with the concurrence
and acceptance of the Inspector.

(b) the activity is in conformance with the applicant’s
Quality Control System and this Code Section.

(c) when completed and accepted by the Inspector,
the Code Symbol is applied and the Manufacturer’s Data
Report signed only after receipt of the Certificate of
Authorization from the Society. Such work shall be per-
formed at the risk of the Manufacturer, conditional upon
granting of a Certificate of Authorization by the Society.

TS-200.7 Multiple, Duplicate Pressure Vessels

Manufacturers must possess Section XII, Class 1 or
Class 2 Certificates of Authorization to fabricate multi-
ple, duplicate pressure vessels. When such fabrication
makes it impracticable for the Inspector to personally
perform each of his required duties,2 the Manufacturer,
in collaboration with the Inspector, shall prepare an
inspection and quality control procedure setting forth,
in complete detail, the method by which the require-
ments2 of this Section will be maintained. This procedure
shall be included in the Manufacturer’s written Quality
Control System. This procedure shall be submitted to
and shall receive the acceptance of the Inspection
Agency. It shall then be submitted by the Inspection
Agency for written acceptance by the legal jurisdiction
concerned and by an ASME Designee. Joint reviews shall
include an ASME Designee. The inspection procedure
shall be used in the plant of the named Manufacturer
by the Inspection Agency submitting it and shall be
carried out by an Inspector in the employ of that
Inspection Agency. Any changes in this inspection and

2 See TG-320 and TG-330 for summaries of the responsibilities
of the Manufacturer and the duties of the Inspector.
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quality control procedure that affect the requirements of
this Section are subject to review and acceptance by the
parties required for a joint review. The Data Report for
such a vessel shall include under “Remarks” the state-
ment: “Constructed under the provisions of TS-200.7.”
Such certificate will identify the Code Symbol to be used
and the type of shop and/or field operations for which
authorization is granted (see Nonmandatory
Appendix D).
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Article TS-3
Report Forms and Record Maintenance

TS-300 MANUFACTURER’S DATA REPORTS
A Manufacturer’s Data Report, Form T-1A, B, or C,

or Manufacturer’s Partial Data Report shall be com-
pleted and signed by the Manufacturer and signed by
the Inspector for each tank or part to be marked with
the Code Symbol Stamp. For sample Data Report Forms
and guidance in preparing Data Reports, see
Nonmandatory Appendix C.

TS-300.1 Distribution of Manufacturer’s Data
Reports

(a) The Manufacturer shall
(1) furnish a copy of the Manufacturer ’s Data

Report to the User, Assembler and, upon request, to the
Inspector

(2) submit a copy of the Manufacturer ’s Data
Report to the appropriate enforcement authority

(3) keep a copy of the Manufacturer’s Data Report
on file for a minimum of 10 years

(b) In lieu of TS-300.1(a)(2) or (a)(3), the vessel may
be registered with The National Board of Boiler and
Pressure Vessel Inspectors, which will maintain the
required Manufacturer’s Data Report.

TS-310 PARTIAL DATA REPORTS

(a) The parts Manufacturer shall indicate under
“Remarks” the organization responsible for the design
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of the part. For guidance in preparing Partial Data
Reports, see Nonmandatory Appendix C.

(b) Partial Data Reports for tank parts requiring
inspection under this Section, which are furnished by
other than the shop of the Manufacturer responsible for
the completed tank, shall be completed by the parts
Manufacturer and the Inspector in accordance with the
requirements of this Section and shall be forwarded, in
duplicate, to the Manufacturer of the complete tank (see
TG-320.2). These Partial Data Reports, together with a
final inspection of the completed tank, shall be sufficient
for the Inspector to authorize and witness the applica-
tion of a Code Symbol to the tank (see TS-120). When
Form T-2A, B, or C is used, it shall be attached to the
Form T-1A, B, or C prepared by the Manufacturer of
the completed tank.

(c) Data Reports for those parts of a tank that are
furnished by a parts Manufacturer to the User of an
existing Code tank as replacement of repair parts, shall
be executed on Form T-2A, B, or C by the parts
Manufacturer and the Inspector in accordance with the
requirements of this Section. A copy of the parts Manu-
facturer’s Partial Data Report shall be furnished to the
User or his designated agent and a copy shall be main-
tained in accordance with TS-300.1.
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Article TS-4
Special Requirements

TS-400 GENERAL

Tanks subject to the requirements of Modal
Appendices shall meet the additional stamping require-
ments given in Articles TS-1 through TS-3, in addition
to the requirements of the applicable Modal Appendix.
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PART TP
REQUIREMENTS FOR REPAIR, ALTERATION,

TESTING, AND INSPECTION FOR CONTINUED SERVICE

Article TP-1
General Requirements and Responsibilities

TP-100 GENERAL

(a) The rules of this Article shall apply when it is
necessary or desirable to repair or alter the pressure
vessel of a transport tank within the scope of this Section.
See Article TG-1 for the geometric scope for pressure
boundary determination.

(b) The rules of this Article, supplemented by the
Modal Appendices for a particular transport tank speci-
fication, describe the required compliance intervals,
inspections, and tests for continued service of a pressure
vessel.

(c) The Owner shall have the responsibility for per-
forming the required inspections and tests for continued
service of a pressure vessel.

(d) The Owner/User/Inspector may perform these
inspections for repairs, alterations, and tests, provided
the requirements of TG-440(c) are met.
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(e) Inspections shall be performed by the Inspector
specified in TG-430.

(f) Continued service inspections made by Users shall
comply with the requirements of TG-440(b) or (c).

(g) Markings required to signify completion and
acceptance of continued service inspections and tests
may be as required by the Competent Authority. See
TG-100.3.

TP-100.1 Definitions
alteration: any change to the original design and con-
struction of a pressure vessel that affects its structural
integrity or pressure-containing capability. This includes
rerating for pressure or temperature.
corrosive: any lading that meets jurisdictional require-
ments for corrosive service or is shown through experi-
ence to be corrosive to the vessel.
repair: any welding done on a pressure vessel to return
it to its original design and construction specification.
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Article TP-2
Requirements for Repairs and Alterations

TP-200 GENERAL REQUIREMENTS

(a) All repairs and alterations to the pressure vessel
of a transport tank shall be performed by organizations
holding a National Board “TR” Certificate of
Authorization and be in possession of the appropriate
National Board Code Symbol Stamp. Alternatively,
organizations employing Owner/User/Inspectors and
in possession of a valid Owner/User Certificate of
Authorization issued by the National Board of Boiler
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and Pressure Vessel Inspectors may repair and perform
alterations on transport tanks owned and operated by
the Owner/User Certificate of Authorization holder. See
TG-440(c).

(b) All repairs and alterations shall be performed in
accordance with the National Board Inspection Code
(ANSI/NB-23) (see TG-130).

(c) Where another Competent Authority has jurisdic-
tion, see TG-100.3.
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Article TP-3
Requirements for Tests and Inspections

TP-300 GENERAL REQUIREMENTS

(a) A pressure vessel of a transport tank shall be sub-
ject to the tests and inspections prescribed in TP-300(b)
through (e) prior to use

(1) if it shows evidence of leakage, internal or exter-
nal corrosion, or any other condition that would render
the vessel unsafe, including accident damage to the pres-
sure boundary.

(2) if it is repaired or altered.

(3) if it has reached the end of its periodic inspection
interval. (The inspection interval is defined in the appro-
priate Modal Appendix.)
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(b) A pressure vessel for which a test or inspection
required is due may not be filled and offered for trans-
port until the test or inspection has been successfully
completed. This does not apply to vessels filled prior
to the test or inspection due date.

(c) A pressure vessel shall meet the acceptance criteria
for the required tests and inspections.

(d) A pressure vessel meeting the acceptance criteria
for the required tests and inspections shall be marked
as required in TP-100.

(e) A pressure vessel that fails to meet the acceptance
criteria of a required test or inspections specified in TP-
300(a) shall be repaired and retested or be removed from
service and the nameplate bearing the ASME Symbol
Stamp removed.
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Article TP-4
Tests and Inspections

TP-400 GENERAL

(a) This Article defines the types of inspections and
tests required by this Article for pressure vessels that
have been repaired, altered, or for continuation in
service.

(b) The Owner or User shall be responsible for per-
forming these inspections and tests.

TP-410 TYPES OF TESTS AND INSPECTIONS

TP-410.1 Visual Inspection

(a) External Visual Inspection. An external visual
inspection shall include as a minimum the following:

(1) tank pressure boundary items for corroded or
abraded areas, dents, distortions, and defects in welds
and leakage

(2) all markings required by this Section
(3) thickness test for corroded or abraded areas
(4) results recorded as specified in this Article

(b) Internal Visual Inspection. An internal visual inspec-
tion shall include as a minimum the following:

(1) see TP-410.1(a)(1)
(2) lining inspections as specified in this Article
(3) thickness test for corroded or abraded areas

(c) Lining Inspection. A lining inspection shall include
as a minimum the following:

(1) lining tests shall be performed in accordance
with TT-400

(2) degraded or defective linings shall be removed
and the tank wall visually inspected for corrosion and
the thickness tested

(3) results of inspection recorded as specified in
this Article

TP-410.2 Thickness Testing

Thickness testing shall include the following require-
ments:

(a) Personnel performing the thickness testing shall
be trained in the use of the equipment.

(b) Measurements shall be made using a device capa-
ble of measuring thickness to a tolerance of ±0.05 mm
(±0.002 in.).

(c) Thickness testing shall be performed in the follow-
ing areas of the transport tank wall, as a minimum:

(1) shell and heads
(2) high shell stress areas, such as the bottom center

of the tank
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(3) around openings
(4) areas around weld joints
(5) areas around shell reinforcements
(6) areas around appurtenance attachments
(7) areas near coupler and suspension attachments
(8) known thin areas
(9) connecting structures joining multiple cargo

tanks of carbon steel in a self-supporting cargo tank
motor vehicle

(d) The results of thickness tests shall be recorded as
specified in this Article.

TP-410.3 Pressure Tests

Each pressure vessel shall be pressure tested as fol-
lows when a repair or alteration is performed or when
retesting is required (see TP-300).

(a) Prior to applying pressure the following must be
performed:

(1) internal and external inspection of tank
(2) the internal inspection is waived if no manway

is provided in the tank
(3) reclosing pressure-relief devices must be

removed and tested for set pressure and reseating or
replaced

(4) the upper coupler assembly must be removed
and the area covered inspected for defects, wear, and
corrosion, and repaired if needed

(5) pressure vessels constructed of ferritic steels
heat treated to enhance tensile properties and subject
to stress corrosion cracking, such as those in anhydrous
ammonia or propane service, shall be examined inter-
nally using the wet fluorescent magnetic particle method
of NDE

(b) Each pressure vessel shall be hydrostatically
tested in accordance with Part TT and the Modal Appen-
dices; however, when a hydrostatic test is not practical or
possible due to contamination of the tank or its contents,
another test medium may be used. The hold time at test
pressure shall be a minimum of 10 min.

(c) When the test pressure exceeds the set pressure
of a pressure-relief device, the device shall be removed
or prepared for the pressure test as recommended by
the device Manufacturer.

(d) Insulation jackets need not be removed for pres-
sure testing if the required test pressure can be reached
and maintained.

(e) Results of the tests shall be recorded as specified
in this Article.
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TP-410.4 Leak Test

(a) Each transport tank shall be tested for leaks at the
frequency specified in the applicable Modal Appendix.

(b) The leak test shall include product piping with all
valves and accessories in place and operative, except
that any venting devices set to discharge at less than
the leakage test pressure shall be removed or rendered
inoperative during the test. All internal and external
self-closing valves shall be tested for leak tightness. Each
cargo tank of a multicargo tank motor vehicle must
be tested with the adjacent cargo tanks empty and at
atmospheric pressure.

(c) The test pressure shall be maintained for 5 min or
longer.

(d) Transport tanks may be leak tested with the haz-
ardous materials contained in the tank during the test.

(e) Transport tanks in liquefied compressed gas ser-
vice shall be externally inspected for leaks during the
leak test.

(f) Leak tests shall be conducted at a pressure not less
than 80% of the MAWP as marked on the nameplate,
except as follows:

(1) A transport tank with a MAWP of 690 kPa
(100 psi) or more may be leak tested at its maximum
normal operating pressure, provided it is in dedicated
service or services.
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(2) An MC 331 cargo tank in dedicated liquefied
petroleum gas service or in dedicated anhydrous ammo-
nia service may be leak tested at not less than 414 kPa
(60 psi).

(3) Cargo tanks used to transport petroleum distil-
late fuels equipped with vapor collection equipment
may be leak tested in accordance with the Environmental
Protection Agency’s “Method 27 — Determination of
Vapor Tightness of Gasoline Delivery Tank Using
Pressure-Vacuum” as set forth in Appendix A to 40 CFR
Part 63. This test method, if used, shall be performed
with air. The hydrostatic alternative in Method 27 is not
permitted.

(g) On MC 331 cargo tanks, the hose assembly and
piping system shall be visually inspected while under
leak test pressure. Delivery hose assemblies not perma-
nently attached to the cargo tank motor vehicle may be
tested and inspected separately from the cargo tank
motor vehicle. The internal self-closing stop valves on
MC 331 cargo tanks shall be tested for leak tightness
using a meter creep test.

(h) A transport tank that fails to retain the leak test
pressure shall not be returned to service as a specifica-
tion cargo tank unless repaired, retested, and inspected.
See TP-300(e) for other requirements.

(i) The Inspector shall record the results of the leak
test as required in TP-600.
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Article TP-5
Criteria for Tests and Inspections

TP-500 GENERAL

The following rules shall be applied. However, the
Competent Authority may impose additional require-
ments, see TG-100.3.

(a) For corroded areas, the remaining thickness may
be evaluated as an local thin area (LTA) using the method
given in TP-500(b).

(b) LTAs may be evaluated in accordance with the
procedures in API Recommended Practice 579 (see
TG-130) or equivalent method. The remaining strength
factor (RSF) shall be not less than 0.90.

(c) Dents in the pressure boundary that include welds
shall not exceed a depth of 13 mm (1⁄2 in.). For other
dents away from welds, the maximum allowable depth
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is 1⁄10 of greatest dimension of the dent but in no case
shall exceed 25 mm (1 in.).

(d) Gouges may be repaired by blending so the width
of the blending is at least three times the maximum
depth around the full periphery of the gouge. Gouges
may then be evaluated as an LTA in accordance with
TP-500(b).

(e) Weld defects such as cracks, pinholes, or incom-
plete fusion are not acceptable and shall be repaired
prior to placing in service.

(f) Any defect in liner integrity is not acceptable and
shall be repaired in accordance with industry standards.

(g) Any pressure vessel that fails the required pres-
sure test or shows permanent distortion shall be repaired
and retested.
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Article TP-6
Reports and Records

TP-600 REPORTS AND RECORDS

The Owner shall maintain a record of each test and
inspection that includes the following:

(a) type of test or inspection performed and a list of
the items tested and inspected

(b) Manufacturer’s serial number or National Board
number of the pressure vessel

(c) tank designation (e.g., DOT 406, etc.)
(d) test date
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(e) location of defects found and repair method for
each pressure vessel

(f) results and evaluations of tests and inspections
(g) name and credential of Inspector
(h) disposition statement
(i) ASME Manufacturer’s Data Report
The Owner/User shall maintain these records on file

for a minimum of 5 years unless otherwise required by
the Competent Authority.
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MODAL APPENDIX 1
CARGO TANKS

Article 1
General

1-1.1 SCOPE

This Appendix applies to cargo tanks carrying hazard-
ous materials with MAWPs not exceeding 34.5 bar
(500 psi). There are five categories of tanks under this
classification, which are circular in cross section except
as noted, as follows:

(a) Category 406 is for tanks with circular or noncircu-
lar cross section subject to MAWPs not exceeding
0.276 bar (4 psi). The minimum design pressure shall
be 0.183 bar (2.65 psi). These tanks are not allowed for
external pressure loading. All Category 406 tanks are
Class 3 tanks. Article 2 covers specific requirements for
these tanks.

(b) Category 407 is for tanks subject to MAWPs not
exceeding 6.90 bar (100 psi). These tanks shall be
designed for a minimum MAWP of 1.72 bar (25 psi)
and, if subject to vacuum loading, shall be designed for
at least 1.03 bar (15 psi) external pressure. Category 407
tanks with MAWP over 2.41 bar (35 psi) are Class 1
tanks. All others are Class 3 tanks. Article 2 covers the
specific requirements for these tanks.

(c) Category 412 is for tanks subject to MAWPs up
to 6.90 bar (100 psi) with a minimum MAWP of 0.345 bar
(5 psi). These tanks are of circular cross section except
that, for MAWPs ≤1.03 bar (15 psi), they may be of
noncircular cross section. Category 412 tanks >1.03 bar
(15 psi) MAWP are Class 1 tanks, and those ≤1.03 bar
(15 psi) MAWP are Class 3 tanks. Article 2 covers the
specific requirements for these tanks.

(d) Category 331 is for tanks primarily for transporta-
tion of compressed gases at MAWPs not exceeding
34.5 bar (500 psi). These tanks shall be designed for
minimum MAWPs of at least 6.90 bar (100 psi). All
Category 331 tanks are Class 1 tanks. Article 3 covers
the specific requirements for these tanks.

(e) Category 338 is for vacuum insulated tanks for
products requiring MAWPs not exceeding 34.5 bar
(500 psi). The minimum design MAWP shall be at least
1.75 bar (25.3 psi). These tanks are enclosed in an outer
structural vacuum jacket. All Category 338 inner tanks
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are Class 1 tanks. Article 4 covers the specific require-
ments for these tanks. Sections 1-1.3 through 1-1.11 shall
not be used for Category 338 tanks.

1-1.2 DEFINITIONS

appurtenance: any cargo tank accessory attachment that
has no lading retention or containment function and
provides no structural support to the cargo tank.

baffle: non–liquid-tight transverse partition device that
deflects, checks, or regulates fluid motion in a tank.

bulkhead: liquid-tight transverse closure at the ends or
between cargo tanks.

cargo tank: bulk packaging, namely a tank intended pri-
marily for the carriage of liquids or gases. It includes
appurtenances, reinforcements, fittings, and closures to
a tank permanently attached to or forming a part of
a motor vehicle. Because of its size, construction, or
attachment to a motor vehicle, it is loaded or unloaded
without being removed from the motor vehicle and is
not fabricated under another specification. A cargo tank
is a highway transport tank.

cargo tank manufacturer: entity that manufactures the pri-
mary lading retention structure of a cargo tank intended
to transport hazardous materials.

cargo tank motor vehicle: motor vehicle with one or more
cargo tanks permanently attached to or forming an inte-
gral part of the motor vehicle.

cargo tank motor vehicle intermediate manufacturer: entity
who performs any functions that a CTMVM performs
that require certification and supplies the CTMVM with
certification required of the work it performed.

cargo tank motor vehicle manufacturer (CTMVM): entity
that is engaged in the manufacture of the completed
cargo tank motor vehicle who is responsible for certi-
fying that it meets the requirements of the Competent
Authority and includes the remount of an existing tank
on a motor vehicle chassis.
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cargo tank wall: those parts of a cargo tank that make
up the primary lading retention structure including the
shell, bulkheads, and fittings that, when closed during
transport of lading, yields the minimum volume of the
cargo tank assembly.

charging line: a hose, tube, pipe, or similar device used
to pressurize a tank with material other than the lading.

companion flange: one of two mating flanges where the
flange faces are in contact or separated by a thin leak
sealing gasket and secured to each other by bolts or
clamps.

connecting structure: the structure joining two cargo
tanks.

construction thickness: the thickness of the cargo tank as
actually built.

cryogenic cargo tank: a bulk tank used for transport of
refrigerated liquids as listed in Article 4.

defined incident loading: a loading caused by a cata-
strophic occurrence such as an incident in which a cargo
tank can be damaged even irreparably but will be con-
sidered to retain substantially its contents under the
assumption that the stresses and deformations of the
tank under such loadings do not exceed specified limits.
This is based on the assumption of elastic or elastic/
plastic behavior or qualification by certified test or
analysis.

design certifying engineer: a qualified person approved as
such by a Competent Authority to prepare, review, and
certify cargo tank designs as meeting the requirements
of said Competent Authority.

design type: one or more cargo tanks that are made
(a) by the same manufacturer
(b) to the same engineering drawings and calculations

except for minor variations in piping that do not affect
the lading retention capability of the cargo tank

(c) of the same materials of construction except for
minor non–stress-bearing parts

(d) to the same cross sectional dimensions
(e) to a length including volume not varying more

than 5%
(f) for Category 338 tanks only, with insulation pro-

viding the same or better thermal performance
(g) to the same specification

emergency discharge control: means the ability to stop a
cargo tank from unloading in the event of an uninten-
tional product release.

exceptional inspection and test: inspections and tests neces-
sary when a cargo tank shows evidence of damage,
corroded areas, leakage, or other conditions indicating
a deficiency that could affect the integrity of the cargo
tank [i.e., the tank has been in an accident and damaged
to an extent that may adversely affect its product reten-
tion capability, the tank has been out of hazardous mate-
rials transport service for one year or longer, or the tank
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has been modified from its previous design specifica-
tions (see Article TP-2) or as otherwise directed by the
Competent Authority]. The extent of the inspection and
test shall depend on the amount of damage or deteriora-
tion of the cargo tank. It shall include at least the inspec-
tion and a pressure test as required for periodic testing.
Pressure relief devices need not be tested or replaced
unless there is reason to believe the relief devices have
been affected by the damage or deterioration.

excess flow valve, integral excess flow valve, or excess flow
feature: valve that will close automatically if the flow
rate of the product through the valve reaches or exceeds
the rated flow of product specified by the original valve
manufacturer.

extreme dynamic loading: maximum single-acting loading
a cargo tank might experience during its expected life
excluding defined incident loadings.

flammable gases: gases that, at 20°C (68°F) and a standard
pressure of 1.02 bar (14.7 psi), are ignitable when in a
mixture of 13% or less by volume with air; or have a
flammable range with air of at least 12 percentage points
regardless of the lower flammable limit. (Flammability
shall be determined by tests or by calculations in accor-
dance with methods adopted by ISO 10156.)

gross vehicle weight (GVW): maximum loaded weight of
a tank trailer with a hitch and front wheels or a fifth
wheel mounted tank and its permanently attached run-
ning gear plus appurtenances without consideration of
the tractor weight. The GVW of a truck mounted tank
shall be the entire weight of the vehicle plus the loaded
tank and its appurtenances.

inspection pressure: pressure used for leak testing.

lading: hazardous material contained in a cargo tank.

loading/unloading connection: fitting in the unloading line
farthest from the loading/unloading outlet to which the
loading/unloading hose or device is attached.

loading/unloading outlet: tank outlet used for normal
loading/unloading operations.

loading/unloading stop-valve: stop-valve farthest from the
tank loading/unloading outlet to which the loading/
unloading connection is attached.

local stress: stress induced by a local load around the
point of application and confined to that area.

minimum thickness: the greater of either of the following:
(a) the specified minimum thickness as mandated by

these rules
(b) the required thickness (design thickness) deter-

mined from required loads and allowable stresses.

multi-specification cargo tank motor vehicle: cargo tank
motor vehicle equipped with two or more cargo tanks
fabricated to more than one cargo tank specification.

normal operating loading: loading a cargo tank may be
expected to experience routinely in operation.
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nozzle: subassembly consisting of a pipe or tubular sec-
tion with or without a welded or forged flange on
one end.

outlet: any opening in the shell or head of a tank (includ-
ing the means for attaching a closure), except that the
following are not outlets: a threaded opening securely
closed with a threaded plug or threaded cap; a flanged
opening securely closed during transportation with a
bolted or welded blank flange, a manhole, or gauging
devices; thermometer wells; and safety relief devices.

outlet stop-valve: stop-valve at the tank loading/
unloading outlet.

periodic inspection and test: those inspections and tests
conducted at intervals specified by the Competent
Authority and include internal (unless exempted) and
external examination and, unless exempted, a pressure
test as specified in this definition. The pressure test may
be hydrostatic or pneumatic using an inert gas to a
pressure not less than the test pressure on the specifica-
tion plate. The test shall be performed in accordance
with Part TT of this section. During test, reclosing pres-
sure relief devices, except line safeties, shall be removed
from the tank and tested separately unless they can be
tested while installed on the cargo tank.

periodic test pressure: the pressure at which the cargo tank
shall be tested at intervals specified by the Competent
Authority.

pipe coupling: a fitting with internal threads on both ends.

rear underride: structure designed to prevent a vehicle or
object from underriding the rear of a motor vehicle.

rear-end tank protection device: structure designed to pro-
tect a cargo tank and any lading retention piping or
devices in case of a rear-end collision.

refrigerated liquid: a material that has a boiling point not
less than −90°C (−130°F) at atmospheric pressure.

sacrificial device: an element, such as a shear section
designed to fail under load in order to prevent damage
to any lading retention part or device. The device must
break under strain at no more than 70% of the strength
of the weakest piping element between the tank and the
sacrificial device. Operation of the sacrificial device must
leave the remaining piping and its attachment to the
tank intact and capable of retaining lading.

self-closing stop-valve: stop valve held in the closed posi-
tion by means of self-stored energy, which opens only
by application of an external force and which closes
when the external force is removed. When designated as
external, the self-closing energy source is located outside
the tank and the welded flange. When designated as
internal, the stop-valve is designed so the self-stored
energy source is located inside the tank or tank sump
or within the welded flange, and the valve seat is located
within the tank or within 1 in. of the external face of
the welded flange or sump of the tank.
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shear section: sacrificial device fabricated in such a man-
ner as to reduce abruptly the wall thickness of the adja-
cent piping or valve material by at least 30%.

shell: pressure-retaining portion of the tank exclusive of
heads and attachments.

sump: protrusion from the bottom of a tank shell
designed to facilitate complete loading and unloading
of lading.

tank vessel support structure: structure attached directly
or through pads to the tank wall for the primary purpose
of providing static or dynamic load bearing support of
the tank.

vacuum tank: tank that is loaded by reducing the pressure
in the tank to below atmospheric pressure.

variable specification cargo tank: cargo tank that is con-
structed in accordance with one specification, but that
may be altered to meet another specification by changing
relief devices, closures, lading discharge devices, and
other lading retention devices.

1-1.3 MATERIALS

The materials allowed in the construction of the lading
retention parts of tanks built under this specification are
listed in Section TM. Except where otherwise required
in this Modal Appendix or Mandatory Appendix II of
this Section, the use of materials listed in
Table TM-130.2-6 shall conform to the requirements of
TM-180, TM-260, TW-130.7, TF-6, and TF-740 except that

(a) stiffeners, structures, or appurtenances welded
directly to a tank wall constructed of SA-517 plate mate-
rial; or SA-592 flange or forged materials shall be con-
structed of either of these materials, but pad material
shall be SA-517 material of thickness no less than 6 mm
(1⁄4 in.) and not greater than the thickness of the tank
wall to which it is attached.

(b) all type 1 joints shall be designed and inspected
according to the requirements of TW-130.4 of this
Section.

(c) tank vessels shall be postweld heat treated to the
requirements of TF-7 of this Section but in no case less
than 566°C (1,050°F). All materials exposed to the lading
shall be compatible with the lading.

1-1.4 DESIGN REQUIREMENTS COMMON TO
MORE THAN ONE CATEGORY

(a) Each category of tank will be subject to design
conditions as outlined in this section or as specifically
referred to herein. Allowable stress levels shall be as
specified in TD-210 of this Section for materials listed
therein for membrane type stresses. Allowable stresses,
both membrane and bending, for accident loading con-
ditions are defined separately in 1-1.6 of this Article.
The relevant physical properties of the materials used
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in each cargo tank may be established either by a certi-
fied test report from the material manufacturer or by
testing in accordance with a recognized national stan-
dard. For pressure design using materials listed in
Table TM-132.6, only allowable stresses listed in TD-210
are allowed. For Category 406, 407, and 412 class 3 tanks,
where ultimate tensile strength is the determining crite-
rion for allowable stress, the ultimate strength used in
the design to determine allowable stress may not exceed
that given in the test report or 120% of specified mini-
mum ultimate tensile strength, whichever is lower. For
allowable compressive stresses in these tanks based on
yield strength, they can be increased by the ratio of
actual yield strength from the test report to the minimum
yield strength in Section II but not to exceed 120% of
the listed minimum allowable stress.

(b) Pressure Design. For tanks of circular cross section
(all categories of tanks), including openings and rein-
forcements, the design rules of Part TD are applicable.
For noncircular tanks (406 and 412 tanks only), the rules
and limitations of Mandatory Appendix VIII are applica-
ble. Noncircular tanks may be qualified by testing in
accordance with Article TT-3. Minimum thicknesses for
shells, heads, and baffles shall be as indicated in Tables
1-1.4 and 1-1.4M for tanks of the Categories noted.

(c) Loading Conditions. The loading conditions to be
considered for Category 331, 406, 407, and 412 tanks
shall be as indicated in Fig. 1-1.4. Where high shear
stresses and high normal stresses exist together, the max-
imum principal stresses shall not exceed the allowables
of TD-210 as determined by the formulae for maximum
principal stresses that are as follows:

ssmax p [0.25(sx − sy)2 + ss
2]1/2 smax p 0.5(sx + sy) ± ssmax

where
smax p principal normal stress

ss p shear stress in x and y planes
ssmax p principal shear stress

sx p normal stress in x direction
sy p normal stress in y direction

In addition to the loading conditions listed above,
there are emergency loading and energy absorption con-
ditions that must be met by tanks of all categories. The
load conditions to be considered are as follows:

(1) Static Load Condition A: the stationary tank fully
loaded with lading subject to MAWP and supported by
running gear. The loading condition for multicompart-
ment tanks and single compartment tanks shall be those
that cause the maximum shell bending moments as well
as the maximum shear forces at supports. The weight
of appurtenances attached to the tank shall be allowed
for as well as the nonuniform weight distribution from
a variable cross-section tank such as a double conical
tank. The weight of the running gear need not be
included in the load applied to bend the tank.
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(2) Dynamic Load Condition B: the worst case loading
condition of a fully loaded tank at MAWP subject to
an incremental change in the vertical and longitudinal
forces of ±35% of the tank weight +20% of the tank
weight in the transverse direction uniformly distributed.
The longitudinal force shall be applied as a decelerative
force (Condition B1) and as an accelerative force
(Condition B2). The accelerative force will be applied at
the fifth wheel, and the decelerative force will be applied
entirely at the rear wheels (Condition B1a) and at the
fifth wheel (Condition B1b). For truck mounted tanks,
the longitudinal forces shall be applied at the mounts.

(3) Dynamic Load Condition C: the worst case load-
ing of a fully loaded tank at MAWP subject to a 70%
vertical load increase. For this extreme case, for Category
406, 407, and 412 tanks, the Code allowable stresses may
be increased by 20%.

(4) Dynamic Load Condition D: the worst case condi-
tion for a fully loaded tank subject to a longitudinal
force of 70% of the gross vehicle weight (GVW) in both
accelerative and decelerative directions and applied at
the fifth wheel (Condition D1) and the rear wheels
(Condition D2)

(5) Dynamic Load Condition E: a fully loaded tank
subject to a uniform transverse force of 0.4G applied at
the vertical center of gravity of the tank and resisted by
the front and rear supports.

(6) Extreme Load Condition F: a fully loaded tank at
MAWP subject to a decelerative force of twice the gross
vehicle weight (GVW) applied to the front head and,
for 406, 407, and 412 tanks only, reduced by 25% of the
GVW for each baffle or interior bulkhead up to a total
of four such units. The allowable design stress for this
condition shall be 75% of the ultimate tensile strength.

(d) Special Provisions
(1) Category 406, 407, and 412 tanks of shell thick-

nesses less than 9.5 mm (0.375 in.) shall have circumfer-
ential reinforcement or stiffening at a maximum spacing
of 150 cm (60 in.) unless designed per TD-210 for full
vacuum (1.01 bar or 14.7 psi). Such reinforcement or
stiffening shall not cover any circumferential shell joint
except for doubler plates and knuckle pads and shall
be continuous around the perimeter and welded to the
shell with spaced welds for at least half the perimeter.
The minimum values of stiffener section modulus shall
be I/c p KwL, where I/c p section modulus in cubic
centimeters (cubic inches), K p 0.000686 (SI units for
steel), 0.00119 (SI units for aluminum), 0.00027 (U.S.
Customary for steel), and 0.00047 (U.S. Customary for
aluminum), w p tank width (or diameter) in centimeters
(inches), and L p stiffener tributary spacing in centime-
ters (inches). In computing the effective section modu-
lus, a portion of the tank shell between the stiffener legs
attached to the tank plus 20 times the shell thickness
on each welded side of the stiffener may be included as
effective.
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Fig. 1-1.4 Loading Conditions
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Fig. 1-1.4 Loading Conditions (Cont’d)
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NOTES:
(1) Load distributed over tank length.
(2) W p WT + WW + WH; loaded with internal pressure.
(3) Vertical increase of 35% and 20%; transverse load computed in both acceleration (B1) and deceleration (B2); loaded with internal pressure.
(4) 1.7W p 1.7(WT + WW + WH)
(5) Compute as both acceleration (D1) and deceleration (D2).
(6) Compute as both shear and torsion stresses.
(7) Pressure on front head is augmented by 2W less 0.25W per baffle up to four baffles, leaving minimum augmentation of W; design stress p

0.75(UTS).
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The unwelded portions of length shall be no greater
than the following:

Number of
Times the

Shell
Unwelded Portion of Length Thickness

For stiffening rings over a heat panel or similar 300
structure that provides additional stiffness to the
shell, and is welded to a plate over the unwelded
portion, provided the plate used in place of the
shell to compute section modulus provides 75%
of the section modulus required above.

For openings in internal baffles 100
Other unwelded portions 40

(2) Tanks over 1.51 m3 (53.5 ft3) in capacity except
for Category 331 and 338 tanks, shall have a manhole
for accessibility. See Article 3 for manhole requirements
for 331 tanks and Article 4 for 338 tanks. For Category
406, 407, and 412 tanks, each manhole, fill opening, and
washout assembly must structurally be capable of with-
standing, without leakage or permanent deformation
that would affect its structural integrity, a static internal
fluid pressure of at least 2.48 bar (36 psi), or cargo tank
test pressure, whichever is greater. The manhole assem-
bly manufacturer shall verify compliance with this
requirement by hydrostatically testing at least 1% (or one
manhole closure, whichever is greater) of all manhole
closures of each type produced every three months, as
follows:

(a) The manhole, fill opening, or washout assem-
bly must be tested with the venting devices blocked.
Any leakage or deformation that would adversely affect
the product retention capability shall constitute a failure.

(b) If the manhole, fill opening, or washout
assembly fails, then five more covers from the same lot
must be tested. If one of these covers fails, then all covers
in the lot from which the test covers were selected are
to be 100% tested or rejected for service.

(c) Each manhole, filler, and washout cover must
be fitted with a safety device that prevents the cover
from opening fully when internal pressure is present.

(d) Each manhole and fill cover must be secured
with fastenings that will prevent opening of the covers
as a result of vibration under normal transport condi-
tions or shock impact due to a rollover accident on the
roadway or shoulder where the fill cover is not struck
by a substantial obstacle.

(e) Each manhole cover must be permanently
marked by stamping or other means with the manufac-
turer’s name, the test pressure in suitable units, and
with a statement certifying that the device meets the
requirements of this article.

(f) All fittings and devices mounted on a man-
hole cover coming in contact with the lading must with-
stand the same static internal fluid pressure and contain
the same permanent compliance markings as that
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required for the manhole cover. The fitting or device
manufacturer shall verify compliance using the same
test procedure and frequency of testing as noted above.

(3) Tanks to which supports and appurtenances are
attached shall be designed to limit the stresses in the
tank to required values of this Section for the tank. All
supports and appurtenances that are a necessary part
of the pressure retention system of the tank shall be
included in the design of the tank. Such devices that are
not necessary parts of the pressure retention system shall
not be subject to these stress limits even though they
may contribute to the pressure retention capability of
the tank.

(4) Variable category tanks are permitted provided
separate nameplates are provided for each category with
only one of them, the one under which the tank is
operating, being displayed.

(5) A cargo tank motor vehicle may be composed
of more than one cargo tank made to the same specifica-
tion or, for 406, 407, and 412 tanks, of different specifica-
tions. Any void within the connecting structure must
be vented to atmosphere and have a drain located at
the bottom centerline, the drain being accessible and
kept open at all times. The drain in any void within the
connecting structure of a carbon steel, self-supporting
cargo tank may be either a single drain 25 mm (1.0 in.)
minimum diameter nominal pipe size (NPS) or two or
more drains 12.5 mm (0.5 in.) minimum diameter (NPS)
located a maximum of 15 cm (6 in.) apart, with one
drain at the bottom centerline of the tank.

(6) Vacuum relief devices are not required for tanks
designed to be loaded by vacuum or built to withstand
full vacuum. Vacuum relief systems, when installed,
must limit the vacuum to less than 80% of the design
vacuum capability of the cargo tank. If pressure loading
or unloading devices are provided, the relief system
must have adequate vapor and liquid capacity to limit
the tank pressure to the cargo tank test pressure at maxi-
mum loading or unloading rate, and these rates must
be noted on the metal specification plate.

(7) Local stresses in tension, bending, and torsion
that occur at pads or cradles or other supports shall be
considered in the design.

(8) For Category 406, 407, and 412 tanks, knuckle
radii of flanged heads shall be at least 3 times the mate-
rial nominal thickness and in no case less than 13 mm
(0.5 in.) for tanks with MAWPs of 1.03 bar (15 psi) or
less for Category 406 and 412 tanks and 2.41 bar (35 psi)
or less for Category 407 tanks.

(9) The butt weld in a two piece head can have a
joint efficiency of 85% for pressure load if not nonde-
structive tested. The head shall be formed after welding
the plates together.

(10) For Category 406, 407, and 412 cargo tanks,
the minimum allowed thicknesses are as specified in
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Table 1-1.4
Minimum Thicknesses

Category 406 Tanks: Shell, Head, and Bulkhead Thicknesses, in.

gal/in.

Material Location <14 14–18 18–22 22–26 26–30 >30

All steels Shells 0.100 0.115 0.124 0.129 0.143 0.156
Heads and baffles 0.100 0.115 0.124 0.129 0.143 0.156

Aluminum Shells 0.151 0.160 0.173 0.194 0.216 0.237
Heads and baffles 0.160 0.173 0.187 0.194 0.216 0.237

Category 407 Tanks: Shell and Head/Bulkhead Thicknesses, in.

gal/in.

Material Location 10 or Less 10–14 14–18 18–22 22–26 26–30 Over 30

All steels Head/bulkhead 0.100 0.100 0.115 0.129 0.129 0.143 0.156
Aluminum Head/bulkhead 0.160 0.160 0.173 0.187 0.194 0.216 0.237
All steels Shell 0.100 0.100 0.115 0.129 0.129 0.143 0.156
Aluminum Shell 0.151 0.151 0.160 0.173 0.194 0.216 0.237

Category 412 Tanks: Shell and Head Thicknesses, in.

Stiff SPCG, in. Steel Aluminum

gal/in. lb/gal <36 36–54 54–60 Head <36 36–54 54–60 Head

<10 <10 0.100 0.100 0.100 0.100 0.144 0.144 0.144 0.144
<10 10–13 0.129 0.129 0.129 0.129 0.187 0.187 0.187 0.187
<10 13–16 0.157 0.157 0.157 0.157 0.227 0.227 0.227 0.227
<10 >16 0.187 0.187 0.187 0.187 0.270 0.270 0.270 0.270

10–14 <10 0.100 0.100 0.129 0.129 0.144 0.144 0.187 0.187
10–14 10–13 0.129 0.129 0.157 0.157 0.187 0.187 0.227 0.227
10–14 13–16 0.157 0.157 0.187 0.187 0.227 0.227 0.270 0.270
10–14 >16 0.187 0.187 0.250 0.250 0.270 0.270 0.360 0.360

14–18 <10 0.100 0.129 0.157 0.157 0.144 0.157 0.227 0.227
14–18 10–13 0.129 0.157 0.250 0.250 0.187 0.227 0.360 0.360
14–18 13–16 0.157 0.187 0.250 0.250 0.227 0.270 0.360 0.360

>18 <10 0.129 0.157 0.187 0.157 0.187 0.187 0.270 0.227
>18 10–13 0.157 0.250 0.250 0.250 0.227 0.360 0.360 0.360
>18 13–16 0.187 0.250 0.312 0.312 0.270 0.360 0.450 0.450

Tables 1-1.4 and 1-1.4M. Equivalent thickness rules of
Mandatory Appendix XIII do not apply to these tanks.

1-1.5 SPECIAL REQUIREMENTS

(a) Appurtenances, attachments, and protective
devices that depend on the strength of pressure-
retaining parts of the tank to function properly shall
have such pressure-retaining parts designed to accom-
modate the applied loads into the tank using stress levels
and deformations compatible with the nature of such
loads. For example, where loads are catastrophic in
nature such as in collision or overturning provisions,
stresses and deformations as permitted for accident pro-
tection shall be used rather than normal code allowable
stresses (see 1-1.3). Appurtenances, attachments, and
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protective devices that do not depend on the pressure-
retaining parts of the tank for their function such as
rear-end tank protection devices are not specifically cov-
ered by this Code and shall be designed according to
rules established by other authorities having jurisdiction
over such items.

(b) Appurtenances and other accessories to cargo
tanks must, where practicable, be installed on suspen-
sion subframes, accident protection, or external rings.
A lightweight attachment to a cargo tank, such as a
conduit or brakeline clip, skirting structure, lamp
mounting bracket, or placard holder, shall be of a con-
struction of lesser strength than the cargo tank wall
materials and may not be more than 72% of the thickness
of the material to which it is attached and may be directly
attached to the tank. Structural members may be welded
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Table 1-1.4M
Minimum Thicknesses

Category 406 Tanks: Shell, Head, and Bulkhead Thicknesses, mm

L/cm

Material Location <20.9 20.9–26.8 26.8–32.8 32.8–38.7 38.7–44.7 >44.7

All steels Shells 2.5 2.5 3.1 3.3 3.6 4.0
Heads and baffles 2.5 2.5 3.1 3.3 3.6 4.0

Aluminum Shells 3.8 4.1 4.4 4.9 5.5 6.0
Heads and baffles 4.1 4.4 4.7 4.9 5.5 6.0

Category 407 Tanks: Shell and Head/Bulkhead Thicknesses, mm

L/cm

Material Location 14.3 or Less 14.3–20.9 20.9–26.8 26.8–32.8 32.8–38.7 38.7–44.7 >44.7

All steels Head/bulkhead 2.5 2.5 2.9 3.3 3.3 3.6 4.0
Aluminum Head/bulkhead 4.1 4.1 4.4 4.7 4.9 5.5 6.0
All steels Shell 2.5 2.5 2.9 3.3 3.3 3.6 4.0
Aluminum Shell 3.8 3.8 4.1 4.4 4.9 5.5 6.0

Category 412 Tanks: Shell and Head Thicknesses, mm

Stiff SPCG, mm Steel Aluminum

L/cm sp gr <414 414–1372 1372–1524 Head <414 414–1372 1372–1524 Head

<14.3 <1.20 2.5 2.5 2.5 2.5 3.7 3.7 3.7 3.7
<14.3 1.20–1.56 3.3 3.3 3.3 3.3 4.7 4.7 4.7 4.7
<14.3 1.56–1.92 4.0 4.0 4.0 4.0 5.8 5.8 5.8 5.8
<14.3 >1.92 4.7 4.7 4.7 4.7 6.9 6.9 6.9 6.9

14.3–20.9 <1.20 2.5 2.5 3.3 3.3 3.7 3.7 4.7 4.7
14.3–20.9 1.20–1.56 3.3 3.3 4.0 4.0 4.7 4.7 5.8 5.8
14.3–20.9 1.56–1.92 4.0 4.0 4.7 4.7 5.8 5.8 6.9 6.9
14.3–20.9 >1.92 4.7 4.7 6.4 6.4 6.9 6.9 9.1 9.1

20.9–26.8 <1.20 2.5 3.3 4.0 4.0 3.7 4.0 5.8 5.8
20.9–26.8 1.20–1.56 3.3 4.0 6.4 6.4 4.4 5.8 9.1 9.1
20.9–26.8 1.56–1.92 4.0 4.7 6.4 6.4 5.8 6.9 9.1 9.1

>26.8 <1.20 3.3 4.0 4.7 4.0 4.7 4.7 6.9 5.8
>26.8 1.20–1.56 4.0 6.4 6.4 6.4 5.8 9.1 9.1 9.1
>26.8 1.56–1.92 4.7 6.4 7.9 7.9 6.9 9.1 11.4 11.4

directly to the tank wall if considered in the design.
Except as described previously, the welding of any
appurtenance to the cargo tank shall be made by attach-
ment of a mounting pad, so there will be no adverse
effect upon the lading retention integrity of the cargo
tank if any force less than prescribed by 1-1.6(a)(2) is
applied from any direction. The mounting pad thickness
shall be between 100% and 150% of the local wall thick-
ness but shall not required to be over 5 mm (0.187 in.).
Pads must extend at least 50 mm (2 in.) in any direction
from the point of appurtenance attachment, have
rounded corners or otherwise be shaped to minimize
stress concentrations and be welded to the wall all
around except for a small gap at the lowest point for
draining. Weepholes or telltale holes, if used, shall be
installed in the pad before welding to the tank wall.
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1-1.6 PROTECTION AGAINST DEFINED INCIDENT
LOADS

(a) Category 406, 407, and 412 Tanks

(1) Domes, manways, washouts, inlets, outlets, and
fittings that retain lading shall be constructed to the
same standards of strength and toughness, as the tank
shell is required to withstand under defined incident
load conditions, and of thicknesses at least as great as
the minimum specified thickness for the tank wall in
Tables 1-1.4 and 1-1.4M provided they extend beyond
the following limits from the tank wall:

(a) For the lower one-third of the tank shell
perimeter, more than half the fitting diameter or 10 cm
(4 in.), whichever is less.
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(b) For the upper two-thirds of the tank shell
perimeter, more than one-fourth of the fitting diameter
or 5 cm (2 in.), whichever is less.

(2) Fittings exceeding the above limits shall be pro-
tected by an external device or be 25% stronger than
required for an external device where the stress in pres-
sure-retaining parts is limited to 0.75 UTS and in non–
pressure-retaining parts to UTS under the specified
defined incident loads. Bottom damage protection
devices will be required to protect pressure-retaining
devices in the bottom one-third of the tank and shall be
designed to resist loads of 70 200 kg (155,000 lb) acting
independently in longitudinal and transverse directions.
The 50% increase in allowable design stress for bending
across the thickness is not allowed where such stresses
are greater than yield point stress or ultimate stress when
such stresses are permitted for design loads.

(3) Rollover protective devices shall be designed to
resist a total load of twice the gross vehicle weight acting
vertically toward the center of the tank as well as longitu-
dinally and transversely, each acting independently.
Multiple rollover protective device assemblies and/or
fittings can be used to resist the specified loads but each
such assembly or fitting shall be designed to resist at
least 25% of the total specified load. Where external
pressure-retaining fittings are used to resist rollover
loads, they shall be designed for at least 125% of the
loads specified for non–pressure-retaining fittings.

(4) The bottom damage protection device loads
shall be distributed over each surface of the device not
to exceed 5 574 cm2 (6 ft2) in area and not to exceed
1.8 m (6 ft) in width.

(5) A lading discharge opening equipped with an
internal self-closing stop valve does not require external
protection provided it is protected so as reasonably to
ensure against accidental loss of lading. Piping
extending beyond protective devices shall have a stop
valve with a sacrificial section in the piping outboard
of the stop valve having a breakaway capacity no more
than 70% of the load that would cause loss of lading
from the tank through the piping up to the stop valve.

1-1.7 FABRICATION AND EXAMINATION

Fabrication and examination requirements are con-
tained in Parts TF, TE, TT, and TW.

1-1.8 PRESSURE RELIEF DEVICES

(a) Category 406, 407, and 412 Tanks
(1) Each cargo tank shall be equipped to relieve

pressure and vacuum conditions in conformance with
this section and the applicable individual tank category
section. The pressure and vacuum relief system shall
be designed to operate and have sufficient capacity to
prevent tank rupture or collapse due to overpressuriza-
tion or vacuum resulting from loading, unloading, or
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from heating and cooling of lading. Tanks specifically
designed to be loaded by vacuum or built to withstand
full vacuum do not require vacuum relief devices.

(2) Type and Construction of Relief Systems and
Devices

(a) Each cargo tank shall be provided with a pri-
mary pressure relief system consisting of one or more
reclosing pressure relief valves. A secondary pressure
relief system consisting of another pressure relief valve
in parallel with the primary pressure relief system may
be used to augment the total venting capacity of the
cargo tank. Nonreclosing pressure relief devices are not
allowed in any cargo tank except when in series with a
reclosing pressure relief device. Gravity actuated reclos-
ing valves are not allowed in any cargo tank.

(b) When provided by the requirements of this
paragraph, cargo tanks may be equipped with a normal
vent. Such vents shall be set to open at not less than
0.07 bar (1 psig) and shall be designed to prevent loss
of lading through the device in case of overturn. The
MAWP of the cargo tank shall be equal to or greater
than the largest pressure obtained under the following
conditions:

(1) The maximum pressure during loading or
unloading.

(2) For tanks with a 0.07 bar (1 psig) normal
vent, the sum of the static head plus 0.07 bar (1 psig)
plus any pressure exerted by the gas padding.

(3) The vapor pressure of gasoline lading at
42°C (115°F) shall not exceed 0.07 bar (1 psig) according
to the following table based on the lading volatility class
(LVC) of ASTM D 439, the Reid vapor pressure (RVP),
and the maximum lading ambient temperature (MLAT)
based on 0.07 bar (1 psig) lading pressure at the top of
the tank:

LVC RVP, bar (psia) MLAT, °C (°F)

A 0.62 (9) 55 (131)
B 0.69 (10) 51 (124)
C 0.79 (11.5) 47 (116)
D 0.93 (13.5) 42 (107)
E 1.0 (15) 38 (100)

(c) Each pressure relief system and device shall
be designed to withstand dynamic pressure surge reach-
ing 2.07 bar (30 psig) above the design set pressure and
sustained above the set pressure for at least 60 ms with a
total volume of liquid released not exceeding 1 L (61 in.3)
before the relief valve closes to a leak tight condition.
This requirement shall be met regardless of vehicle orien-
tation and shall be demonstrated by suitable testing.

(d) Each reclosing pressure relief system shall be
constructed and installed in such a manner so as to
prevent unauthorized adjustment of the relief valve
setting.
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(e) No shutoff valve or other device that could
prevent venting through the pressure relief system shall
be installed in a pressure relief system.

(f) The pressure relief system shall be mounted,
shielded, and drainable so as to minimize the accumula-
tion of material that could impair the operation or dis-
harge capability of the system by freezing, corrosion, or
blockage.

(g) Each pressure relief device shall communicate
with the vapor space above the lading as near as practi-
cable to the center of the vapor space as the tank is in
its operating attitude either pitched forward or aft. The
discharge from any device shall be unrestricted. Protec-
tive devices that deflect the flow of vapor are permissible
provided the required vent capacity is maintained.

(h) The set pressure of the pressure relief system
is the pressure at which it starts to open, allowing dis-
charge. The set pressure of the primary relief valve shall
be not less than 120% of the MAWP and not more than
132% of MAWP. The valve shall reclose at not less than
108% of MAWP and remain closed at lower pressures.
The set pressure of each secondary relief valve shall be
not less than 120% of MAWP. The venting capacity of the
pressure relief system (primary and secondary including
any piping) shall have sufficient venting capacity to limit
the tank internal pressure to not more than the tank test
pressure. The total venting capacity, rated at not more
than the tank test pressure, shall be at least that specified
in Tables 1-1.8 and 1-1.8M except as allowed for 406,
407, and 412 tanks in Article 2.

(i) Unless otherwise specified in the applicable
individual specification in Article 2, the primary relief
system shall have a minimum venting capacity of
1 120 SCMH per 10.6 SQM (12,000 SCFH per 300 ft2) of
exposed tank area, but in any case, at least one-fourth
the required total venting capacity of the cargo tank.

(j) If the primary pressure relief system does not
provide the required total venting capacity, sufficient
additional capacity shall be provided by a secondary
pressure relief system.

(k) The manufacturer of any pressure relief
device, including valves, frangible (rupture) disks, vac-
uum vents, and combination devices, shall certify that
the device model was designed and tested in accordance
with this section and the appropriate cargo tank specifi-
cation in Article 2. The certificate shall contain sufficient
information to describe the device and its performance.
The certificate shall be signed by a responsible official
of the manufacturer who approved the flow capacity
certification.

(l) Each pressure relief device model shall be suc-
cessfully flow capacity certification tested prior to first
use. Devices having one design, size, and test pressure
are considered to be one model. The testing require-
ments are as follows:
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Table 1-1.8
Minimum Emergency Vent Capacity

(Interpolation Allowed)

Exposed Area, ft2 SCFH

20 15,800
30 23,700
40 31,600
50 39,500
60 47,400

70 55,300
80 63,300
90 71,200

100 79,100
120 94,900

140 110,700
160 126,500
180 142,300
200 158,100
225 191,300

250 203,100
275 214,300
300 225,100
350 245,700
400 365,000

450 283,200
500 300,000
550 317,300
600 333,300
650 348,800

700 363,700
750 378,200
800 392,200
850 405,900
900 419,300

950 432,300
1,000 445,000

GENERAL NOTE: Values are in cubic feet/hour of free air at 60°F and
one atmosphere (SCFH).

(1) At least three devices of each specific model
shall be tested for flow capacity at a pressure not greater
than the test pressure of the cargo tank. For a device
model to be certified, the capacities of the devices tested
shall fall within a range of ±5% of the average for the
devices tested.

(2) The rated flow capacity of a device model
shall not be greater than 90% of the average value for
the devices tested. The rated flow capacity for each
device shall be certified by a responsible official of the
device manufacturer.

(3) Each pressure relief device shall be perma-
nently marked with the manufacturer’s name, the model
number, the set pressure in bar (psig), and the rated
flow capacity in SCMH (SCFH) at the rating pressure
in bar (psig).
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Table 1-1.8M
Minimum Emergency Vent Capacity

(Interpolation Allowed)

Exposed Area, m2 SCMH

0.71 1 480
1.06 2 220
1.41 3 380
1.77 3 690
2.12 4 430

2.47 5 170
2.83 5 920
3.18 6 660
3.53 7 400
4.24 8 880

4.94 10 350
5.65 11 830
6.36 13 310
7.06 14 790
7.95 17 890

8.83 18 990
9.71 20 040

10.53 21 050
12.36 22 580
14.13 24 760

15.89 26 760
17.66 28 860
19.42 29 670
21.19 31 170
22.55 32 620

24.72 34 010
26.49 35 370
28.25 36 680
30.02 37 360
31.78 39 210

33.55 40 430
35.31 41 620

GENERAL NOTE: Values are in cubic meters/hour of free air at 15.5°C
and one atmosphere (SCMH).

(4) If pressure loading or unloading devices
are provided, the relief system shall have sufficient vapor
and liquid capacity to limit the tank pressure to the
cargo tank test pressure at maximum loading or
unloading rate. The maximum loading rates shall be
included on a specification plate attached to the tank
or the vehicle.

(b) Category 331 and 338 Tanks. Category 331 and 338
tank pressure relief and venting requirements are speci-
fied in 1-3.7 and 1-4.6.

1-1.9 OPERATIONS, MAINTENANCE, AND
INSPECTION

(a) General. Cargo tanks shall be inspected and tested
periodically at intervals required by this Code as
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detailed below and further described in Parts TP, TT,
and TE and the Competent Authority. Periodic tests and
inspections, and exceptional tests and inspections are
defined in 1-1.2 of this Appendix. The requirements for
exceptional test and inspection shall be applied when
any conditions specified in the definition have been met.
A cargo tank constructed in accordance with this Modal
Appendix, for which a test or inspection has become
due, may not be filled with product and offered for
transportation or transported until the tests or inspec-
tions have been successfully completed. Except during
a pressure test, a cargo tank may not be subjected to a
pressure greater than the MAWP stamped on its
nameplate.

(1) Table 1-1.9 specifies the type and frequency of
inspections and tests required for all cargo tanks
described in this Modal Appendix.

(2) The test pressure for each tank specification
listed shall be that noted on the specification plate.

(3) Inspections and tests are to be witnessed and
accepted by an Inspector defined in Article TG-4 and
TP-100. Markings, as required by TP-100(g), shall be
applied to the cargo tank.

(4) Repairs or alterations requiring the use of weld-
ing shall be performed using qualified welders and qual-
ified procedures and shall be accomplished and
documented in accordance with Part TP.

(5) A cargo tank that fails a prescribed test or
inspection shall be repaired and retested or else removed
from service. If scrapped, the ASME and specification
plates shall be destroyed. A rerated tank shall have the
ASME nameplate and specification plate made in accor-
dance with the new rating.

(6) Only manufacturing or repair facilities regis-
tered with the Competent Authority and accredited as
required by Part TP may perform and certify repairs
and alterations to the cargo tank. If required by the
Competent Authority, the facilities performing in-
service testing and inspection shall be registered with
the Competent Authority.

(b) Specific Requirements and Exemptions
(1) Where accessible, tanks shall be tested and

inspected in accordance with Article TP-4, Table 1-1.9,
and this Article unless exempted for a specific inspection
or test.

(2) Where no manway or inspection openings are
provided on a cargo tank, or the design precludes an
internal inspection, a pressure test is required in lieu of
the internal inspection.

(3) Where insulation, lining, or coating on the exte-
rior of a cargo tank either does not allow a complete
external inspection or only permits a partial external
inspection, or the design does not permit a full or partial
external inspection, an internal inspection is required.
Those areas on a cargo tank available for external inspec-
tion shall be inspected and recorded. If the internal
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Table 1-1.9
Periodic Inspection and Test Frequencies

Inspection/Test Specification, Configuration, and Service Frequency

Ext Visual Insp All cargo tanks designed to be vacuum loaded with full opening 6 months
in the rear head

All other cargo tanks 1 year

Int Visual Insp All insulated tanks except 331 and 338 1 year
All cargo tanks transporting lading corrosive to the tank 1 year
All other cargo tanks except 338 5 years

Lining Insp All lined cargo tanks transporting lading corrosive to the tank 1 year

Leakage Test 331 tanks in chlorine service 2 years
All other cargo tanks except 338 1 year
338 cargo tanks 2.5 years

Pressure Test All cargo tanks that are insulated with no manhole or are 1 year
[Notes (1) and (2)] insulated and lined except 338

All cargo tanks designed to be loaded by full vacuum with full 2 years
opening in rear head

331 tanks in chlorine service 2 years
All other cargo tanks except 338 5 years

Operation of All 338 tanks (90% of MAWP) 2.5 years
Service Equipment

NOTES:
(1) Pressure testing is not required for 331 tanks in dedicated sodium metal service.
(2) Pressure testing is not required for uninsulated lined cargo tanks with a design pressure or MAWP of

15 psi (100 kPa) or less, which successfully passed an external visual inspection and lining inspection
at least once a year.

inspection is precluded because of an internal lining, a
pressure test is required.

(4) The pressure test may be waived for an uninsu-
lated lined cargo tank with MAWP of 1.03 bar (15 psi)
or less if an annual external inspection and internal
lining inspection are performed.

(5) An insulated cargo tank with manways or
inspection openings may either be internally and exter-
nally inspected or hydrostatically or pneumatically
tested.

(6) Ring stiffeners or other appurtenances attached
to the shell or head of a cargo tank constructed of mild
steel or high strength, low alloy steel that are not com-
pletely welded around their peripheries so as to prevent
corrosion from occurring underneath the attachment
and therefore do not allow an external inspection, must
be thickness tested in accordance with Article TP-410.2
every two years as a minimum. At least four symmetri-
cally distributed readings must be taken of the shell or
head adjacent to the stiffener ring or appurtenance to
establish an average thickness. If any thickness reading
is less than the average thickness by more than 10%,
thickness testing of this section of the shell or head must
be conducted from inside the tank on the area of wall
covered by the stiffener ring or appurtenance.

(7) Corroded or abraded sections of the cargo tank
wall must be thickness tested in accordance with
Article TP-410.2.
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(c) Pressure Relief Devices
(1) All reclosing pressure relief devices shall be

externally inspected for any corrosion, damage, or tam-
pering that might prevent proper operation of the
device. All reclosing pressure relief devices on cargo
tanks carrying lading corrosive to the valve must be
removed from the cargo tank for inspection and testing.
Each reclosing pressure relief device required to be
removed and tested shall open at the required set pres-
sure and reseat to a tight condition at 90% of the set-
to-discharge pressure or the pressure prescribed for the
applicable cargo tank specification. See Article TR-2 for
testing requirements for Manufacturers and Assemblers.

(2) When a pressure test of a cargo tank is per-
formed, all reclosing pressure relief devices, including
emergency relief vents and normal vents, shall be
removed from the cargo tank for inspection and testing.
The pressure relief devices shall be inspected and tested
as required in (1) above. Normal vents [0.07 bar (1.0 psi)
vents] shall be tested according to testing criteria estab-
lished by the valve manufacturer.

(3) Reclosing pressure relief devices unable to meet
the test acceptance criteria in (1) above shall be repaired
or replaced.

(d) Inspection and Acceptance Criteria. For visual inter-
nal and external inspections, lining inspections, pressure
and leak testing, and minimum thickness tests and for
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evaluating damaged areas of the tank, the requirements
of Article TP-5 shall be met.

1-1.10 ASME NAMEPLATE REQUIREMENTS

The ASME nameplate shall comply with Part TS of
this specification and, if the vessel is designed for full
vacuum, that will be noted on the nameplate.
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1-1.11 JURISDICTIONAL MARKINGS
Specification plate and marking requirements in addi-

tion to the T stamp are specified by the Competent
Authority.

1-1.12 DESIGN CERTIFICATION
Each cargo tank design type shall be certified in con-

formance with the design requirements included herein
in accordance with Part TS. The Competent Authority
may impose additional certification requirements by its
regulations.
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Article 2
Category 406, 407, and 412 Cargo Tanks

1-2.1 CATEGORY 406 SPECIAL DESIGN
REQUIREMENTS

(a) Vacuum loaded cargo tanks are not allowed under
this category.

(b) Each vacuum relief system shall have sufficient
capacity to limit the vacuum to 1.0 psi.

(c) In addition to the requirements of 1-1.8, the set
pressure of each primary relief valve must not be less
than 100% of the MAWP or 0.23 bar (3.3 psi), whichever
is greater and not more than 138% of MAWP. The valve
must close at not less than the MAWP and remain closed
at lower pressures. A vacuum relief device is required
and must be set to open at no more than 15 cm (6 in.)
water vacuum. The primary pressure relief valve shall
have a venting capacity of at least 560 SCMH
(6,000 SCFH), rated at not greater than 125% of the tank
test pressure and not greater than 0.21 bar (3 psi) above
the MAWP. The venting capacity required in 1-1.8 may
be rated at these same pressures.

(d) Each vacuum relief system shall have sufficient
capacity to limit the vacuum to 0.07 bar (1 psi).

1-2.2 CATEGORY 407 SPECIAL DESIGN
REQUIREMENTS

(a) Manhole assemblies must be capable of with-
standing cargo tank test pressures or 2.48 bar (36 psi),
whichever is greater.

(b) A vacuum relief system shall limit the vacuum to
less than 80% of the design vacuum capability of the
cargo tank.
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1-2.3 CATEGORY 412 SPECIAL DESIGN
REQUIREMENTS

(a) Cargo tanks used in dedicated service for materi-
als classed as corrosive material, with no secondary haz-
ard, may have a total venting capacity less than required
by 1-1.8, provided they meet the requirements of the
following formula:

Q p BA0.82{ZT}0.5{LC} {M0.5}

where
A p exposed surface of tank shell in square meters

(square feet)
B p 5 660 000 (SI units) and 3,798,000 (U.S.

Customary)
C p 315
L p latent heat of vaporization of lading in calories/

gram (Btu/lb)
M p molecular weight of vapor
Q p total required venting capacity in cubic meters

(cubic feet) per hour at 15.6°C and 1.01 bar (60°F
and 14.7 psia)

T p absolute temperature of the vapor at venting
conditions, K (°R)

Z p vapor compressibility factor (use 1.00 if
unknown)

(b) A vacuum relief system shall limit the vacuum to
less than 80% of the design vacuum capability of the
cargo tank.

(10)
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Article 3
Category 331 Cargo Tanks

1-3.1 SCOPE

This Article contains specifications and minimum
requirements for construction of Category 331 cargo
tank vessels, the scope of which is defined in 1-1.1 of this
Modal Appendix. This Article also contains additional
construction requirements and restrictions for
Category 331 tank vessels that transport certain hazard-
ous ladings. Except when more stringent requirements
of the Competent Authority are mandated, rules of this
Article are sufficient for design and construction of
Category 331 tank vessels.

1-3.2 DEFINITIONS

Definitions of terms relevant to the meaning of the
rules in this Article are listed in Article 1 of this Modal
Appendix or in Mandatory Appendix III of this Section.

1-3.3 GENERAL REQUIREMENTS

(a) General Configuration Requirements. Tank vessels
shall be

(1) of welded or seamless construction
(2) constructed according to the rules of this Section
(3) constructed of steel or aluminum, except that

if constructed of aluminum, tanks shall be insulated
according to the requirements of the Competent
Authority and the tank lading shall be compatible with
aluminum

(4) covered with a steel jacket if the tank is insulated
and one of the following:

(a) the tank lading is defined by the Competent
Authority to be flammable

(b) if otherwise required by the Competent
Authority

[See 1-3.3(e) below for insulation requirements.]
(b) Lower and Upper Limits for Maximum Allowable

Working Pressure
(1) Lower Limits. Tank vessels shall have a maxi-

mum allowable working pressure no less than the largest
value of the following pressures:

(a) the minimum value of the pressure range for
Category 331 tanks specified in 1-1.4 of this Modal
Appendix

(b) except as provided in 1-3.11.1(c)(2) and
1-3.11.1(e)(2) of this Article, the vapor pressure of the
tank lading at a temperature of 46°C (115°F)
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(c) the least value for maximum allowable work-
ing pressure specified by the Competent Authority

(d) where required by 1-3.11.1 of this Article, the
least allowable pressure required for the applicable lad-
ing transported

(2) Upper Limits. The maximum allowable working
pressure shall not be marked, nor shall safety relief
devices be set for a pressure greater than the largest
value for pressure range for Category 331 tanks allowed
by 1-1.4 of this Modal Appendix, or a lower maximum
pressure value limit set by the Competent Authority.

(c) Tank Openings
(1) Except as provided in 1-3.11.1(a)(5) of this Arti-

cle, pressure relief valves shall be located in the top of
the shell or heads.

(2) Additional requirements and restrictions for
openings in Category 331 tanks specified in 1-3.11.1 of
this Article shall be met if the tanks are used to transport
ladings applicable to those requirements.

(d) Reflective Outer Surface. Tanks permanently
attached to a motor vehicle, unless covered with a jacket
made of bright nontarnishing material, shall be painted
white, aluminum, or a similar reflecting color on the
upper two-thirds area of the tank vessel.

(e) Insulation and Jacketing. Design, material, and ther-
mal performance specifications for insulation of tanks
shall meet the more stringent and restrictive require-
ments of the Competent Authority, or the insulation and
jacket requirements in 1-3.11.1 of this Article applicable
to specific tank ladings. Materials used for insulation
that is in direct contact with the tank vessel shall not
promote corrosion to the tank vessel, either as installed
or when wet.

1-3.4 MATERIAL

(a) General
(1) Material specifications shall comply with the

requirements of 1-1.3 of this Modal Appendix.
(2) Impact tests in accordance with Article TM-2

are required for material used in tanks constructed to
the requirements of Article TF-6 of this Section.

(3) Identification of Material
(a) From the time of receipt of material until com-

pletion of fabrication of tank vessels, material used for
pressure parts shall be identified as required by the rules
of TF-110.2 of this Section.
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(b) Unless exempted by the Competent
Authority, the tank vessel manufacturer shall record the
plate material heat and slab numbers (or heat and plate
numbers) and the certified Charpy impact values [where
required by (a)(2) above] for each plate used on a sketch
showing the location of each plate in the shell or heads
of the tank vessel. Copies of the sketch shall be furnished
to the tank user and be retained for a period specified
by, and made available to, the Competent Authority. The
use of coded markings as permitted by TF-110.2(a)(2)
are not permitted for this purpose.

(4) Material Plate Orientation. The direction of final
rolling of plates used in the shell of tank vessels shall
be in the circumferential direction.

(b) Material Requirements for Tanks Transporting Special
Ladings. Use of construction materials that are otherwise
allowed by this Article shall be restricted or limited
for construction of tanks to transport special ladings as
required by the rules in 1-3.11.1 applicable to tank ves-
sels intended for transport of those ladings.

1-3.5 DESIGN REQUIREMENTS

1-3.5.1 Structural Integrity

(a) General Requirements, Allowable Stress Values, and
Required Loadings

(1) Maximum Allowable Stress Values
(a) Except as allowed in 1-3.5.1(a)(1)(b) for

defined incident loading conditions, maximum allow-
able stress values in any part of the tank vessel wall,
the geometric scope of which is defined by TG-110 of
this Section, shall be no greater than the values allowed
in 1-1.4(a) of this Modal Appendix.

(b) The maximum allowable stress induced in the
shell and heads of the tank vessel from all loads includ-
ing defined incident loadings transferred into the tank
vessel shall be the lesser value of the yield strength or
75% of the ultimate strength of the material used. Except
when the Competent Authority shall establish higher
values, for the purposes of this subparagraph, and for
all cases where design consideration of such loads shall
be required by this Article, the minimum design value
of defined incident loads shall be no less than the values
listed below corresponding to the following conditions:

(1) for purposes of structural integrity require-
ments in this Article, the load required by 1-1.4(c)(6) of
this Modal Appendix for the condition of liquid surge
in a defined load incident. See Fig. 1-1.4 of this Modal
Appendix.

(2) for purposes of defined incident loads
transferred through tank vessel support structures, a
load equal to twice the static support reaction at any
tank vessel support structure. See 1-3.5.5 of this Article.

(3) a load equal to twice the gross vehicle
weight transmitted into the tank through a tank vessel
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structure, the weight of which is supported by the tank
vessel. See 1-3.5.6 of this Article.

(4) stress in the vessel wall due to a load equal
to the static weight of the filled vessel transmitted
through structures described in (a)(1)(b)(3) above, or
equal to the support reaction loads of structures
described in (a)(1)(b)(2) above for static loads, normal
operating conditions, or extreme dynamic load condi-
tions, shall not exceed the values allowed in 1-1.4(a) of
this Modal Appendix.

(2) The values of yield strength and ultimate tensile
strength shall be no greater than the relevant material
properties and the limitation of use described in 1-1.4(a)
of this Modal Appendix.

(3) Maximum stress shall be determined from con-
sideration of the design loading conditions required in
1-1.4(b) and (c) of this Modal Appendix.

(4) Minimum thickness of shells and heads shall
be the greater of the required minimum thickness or the
thickness determined from specified loads and allow-
able stresses (design thickness).

(b) Static Design and Construction
(1) Static design of tank vessels shall conform to

Part TD of this Section and 1-1.4(a), (b), and (c)(1) of
this Modal Appendix, and to requirements and restric-
tions of 1-3.11.1 of this Article applicable to the ladings
transported. Static design shall include consideration of
stresses due to the effect of temperature gradients caused
by differences of lading and ambient temperature
extremes. Where applicable, thermal coefficients of dis-
similar materials shall be used to determine temperature
loads and stresses as required by TD-120 of this Section.

(2) Vessel wall local stress concentrations in ten-
sion, bending, or torsion occurring at pads or attach-
ments of support structures shall be analyzed according
to guidance of Nonmandatory Appendix A of this Sec-
tion, or by alternate methods that are accurate and
verifiable.

(c) Shell Design. Stresses shall be determined for the
normal operating and extreme dynamic loading condi-
tions specified in (1) and (2) below. Where applicable
to the tank vessel support configuration, these stresses
shall be combined as required in 1-1.4(c) of this Modal
Appendix. The magnitudes, locations, and combinations
of loading conditions for which stresses shall be calcu-
lated for all parts of the tank vessel shell are as follows:

(1) the normal operating loadings, as shown in
illustrations (a) and (b) of Fig. 1-1.4 of this Modal
Appendix

(2) the extreme dynamic loadings, as shown in
illustrations (c), (d), and (e) of Fig. 1-1.4 of this Modal
Appendix

(d) Allowable stress values in the tank vessel wall for
the liquid surge defined incident condition, shown in
illustration (f) of Fig. 1-1.4 of this Modal Appendix, shall
not exceed the value given in (a)(1)(b) above.
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(e) Tank Vessel Stresses at Support Structure Attachments.
Stresses induced in the tank vessel wall by and through
attachment of vessel support structures shall not exceed
the maximum allowable values in 1-3.5.1(a) of this Arti-
cle that correspond to the type of loadings specified
therein.

(f ) Corrosion allowance thickness shall not be
included to satisfy any of the tank vessel structural
design requirements of 1-3.5.1(a) through (e) or 1-3.5.5
and 1-3.5.6 of this Article.

(g) Tank Vessel Minimum Construction Thickness
Requirements. The thickness of tank vessels shall be no
less than the greater of the minimum values determined
by the rules of 1-3.5.1(g)(1), (2), and (3) of this Article.

(1) Minimum Thickness Values for All Category 331
Tank Vessels

(a) Steel vessel construction thickness shall be no
less than 4.75 mm (0.1875 in.).

(b) Aluminum vessel construction thickness shall
be no less than 6.86 mm (0.270 in.).

(c) Construction thickness of tank vessels that
contain hazardous ladings listed in 1-3.11.1(a)(1) of this
Article shall be no less than the construction thickness
values, relevant to the tank lading, required by
1-3.11.1(b) through (f) of this Article.

(2) Minimum Thickness of All Category 331 Tank
Vessels Determined by Vessel Design Loading Criteria. In no
case shall the design thickness of any tank vessel be less
than the greatest calculated thickness value required to
comply with the maximum stress criteria for the load
conditions and restrictions of 1-3.5.1(a) through (f) of
this paragraph.

(3) Minimum Thickness of Tank Vessels That Contain
Special Hazardous Ladings [1-3.11.1(a)(1)]. Design thick-
ness values shall be no less than values determined by
design criteria in 1-3.11.1(b) through (f) relevant to the
tank ladings listed in 1-3.11.1(a)(1) of this Article.

(h) Attachments of Structures and Appurtenances to
Tank Vessels

(1) Except as otherwise required in (h)(2) and (3)
below, attachments to tank vessels shall conform to the
requirements of 1-1.5(b) of this Modal Appendix, except
that pads of 6.0 mm (0.25 in.) thickness may be used for
attachment to a tank wall of 6.0 mm (0.25 in.) thickness
or greater.

(2) Welded attachment of appurtenances and sup-
port structures to tank vessels constructed according to
Article TF-6 of this Section shall be made to pads welded
to the vessel wall. Except as required in (h)(3) below,
any material, including pads, welded directly to any
pressure-retaining part of the vessel shall be made of
materials that conform to the requirements of TM-182
of this Section.

(3) Appurtenances, support structures, or pads
welded to tank vessels constructed of SA-517 steel shall
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conform to the requirements of 1-1.3(1) of this Modal
Appendix.

(i) Fatigue Analysis
(1) Except as provided in (4) and (5) below, design

of tank vessels constructed by the rules of this Article
shall take into account the effect of cyclic loads on the
tank vessel wall due to either of two load conditions:

(a) the nonstatic mechanical loads required by
1-1.4(c)(2) through (5) (Load Conditions B, C, D, and E)
of this Modal Appendix

(b) full cycle pressure and temperature variations
resulting from zero internal pressure to maximum allow-
able working pressure

(2) Load conditions for (1)(a) and (b) above shall
not be required to be considered simultaneously. How-
ever, in fatigue evaluation of any vessel part designed
to withstand more than one combination of loadings
due to the load conditions described in (1)(a) or (b)
above, the maximum loadings in each direction from all
applicable load combinations for that load condition
shall be considered to act simultaneously in determining
the magnitude of alternating stresses. Fatigue life analy-
sis shall be in accordance with the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 2, Appendix
5, using 8 � 109 cycles for loading specified in (1)(a)
above and 105 cycles for the loading specified in (1)(b)
above. The Usage Factor shall not exceed 1.0.

(3) Modification of the severity of stress at any
point in the vessel wall due to distribution of harmonics
of the required variable loads in (1)(a) above may be
considered, provided that empirical acceleration data
relevant to the specific design type, wall thickness and
material, natural frequency of the tank vessel, and sup-
port system can be shown to be applicable to the vessel
under consideration and to the stress modification
considered.

(4) Rules for Exemption From Design Consideration of
Full Pressure Cycle Loads. Vessels shall be exempt from
the requirement to consider the cyclic loads described
above in 1-3.5.1(i)(1)(b) provided all of the following
conditions are satisfied:

(a) Vessel service shall be limited to noncorrosive
liquid petroleum gas.1 The Manufacturer’s Data Report
shall be marked “designed for dedicated noncorrosive
LPG service” or an appropriate nameplate abbreviation
used as required in 1-3.8 of this Article.

(b) Vessel nominal water capacity shall not
exceed 19 000 L (5,020 gal), nor shall it be constructed
to a maximum allowable working pressure exceeding
1.717 MPa (250 psi).

1 Noncorrosive liquid petroleum gas means that the corrosiveness
of the gas does not exceed the limitations for classification 1 of
the ASTM Copper Strip Classifications when tested in accordance
with the current edition of ASTM D 1838, Copper Strip Corrosion
by Liquefied Petroleum (LP) Gas.
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(c) Vessel shell and head material shall be con-
structed of steel having a minimum ultimate tensile
strength value listed in Section II, Part A, not exceeding
572 MPa (83,000 psi). Vessel construction material shall
either be normalized and heads shall be hot formed, or
the entire vessel shall be postweld heat treated as a unit
after construction according to the requirements of this
Article.

(d) Vessels shall be provided with access to the
inside of the vessel through a circular manhole not less
than 406 mm (16 in.) in diameter, subject to the require-
ments of 1-3.5.3(b) and (c) of this Article.

(e) Vessels shall be supported along the length
of the shell by no less than two longitudinal structural
support rails, constructed to be anchored to and fit in
close contact for their entire length directly above corres-
ponding longitudinal chassis frame components of a
powered motor vehicle or towed trailer or semitrailer.
The longitudinal structural rails supporting the vessel
shall be attached for their entire length to pad strips no
less than 102 mm (4 in.) wide that are continuously
welded to the vessel shell, except that gaps no longer
than 76 mm (3 in.) may be constructed along the length
of the pad strips for the sole purpose of avoiding their
crossing of shell girth seams. The ends of each contigu-
ous pad strip that is continuously welded to the shell
shall have rounded corners, and attachment configura-
tion and dimensions shall conform to the minimum
requirements of the Competent Authority.

(f ) Vessels meeting this condition shall be
designed for full vapor exchange when being emptied
or filled as a normal operating condition and shall be
equipped with at least one pair of proximate openings,
marked as required by 1-3.5.4(c) of this Article, one for
filling or withdrawal of liquid lading and the other open-
ing, intended for vapor exchange, which shall communi-
cate directly with the vessel vapor space when the vessel
is in its normal operating orientation. The respective
openings in each pair shall be sized appropriately for
full vapor exchange through the vapor opening, without
increase of internal pressure or the creation of a partial
vacuum in the vessel, when the vessel is being filled
or emptied with vessel lading through the companion
opening, or when being emptied through a separate
dedicated opening designed and equipped for rapid
pump transfer of liquid lading. The Manufacturer’s Data
Report shall be marked “designed for full vapor
exchange operation.”

(5) Alternate Rules for Exemption From Design Consid-
eration of Cyclic Loads. In lieu of (4) above, for exemption
rules from consideration of cyclic loads described in (1)
above, vessels shall be exempted from consideration of
all cyclic loads described in both (1)(a) and (b) above
provided:

(a) Vessels meet the requirements of (4)(a)
through (e) above.
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(b) Vessels are designed and constructed of mate-
rials allowed for Section XII using maximum allowable
stress values from the 1998 Edition of Section II, Part D
allowed for use in Section VIII, Division 1.

(c) Vessels are required to be designed according
to the load requirements of 1-3.5.1, 1-3.5.5, and 1-3.5.6.
Except for stress values allowed for bending loads across
the vessel wall thickness described in TD-210(d) of this
Section and stress values allowed for surge loads
described in (a)(1)(b)(1) of this paragraph, no stress
induced as a consequence of the loading requirements
of this Article shall exceed the stress value restrictions
specified in (b) above.

1-3.5.2 Bulkheads and Ring Stiffeners

Except for design requirements of vessel baffle and
ring stiffeners in tank vessels designed for external pres-
sure according to Part TD-4 of this Section, there is noth-
ing in this Article requiring the use of bulkheads, baffles,
or ring stiffeners.

1-3.5.3 Manholes

(a) Except as provided in (c) below, tank vessels shall
be equipped with a manhole that conforms with the
requirements of TD-690(c)(l) of this Section, except that
a tank vessel with a volume capacity of 13 250 L
(3,500 gal) or less that is not constructed to the rules of
Article TF-6 of this Section may be equipped with an
inspection opening that conforms to the requirements
of TD-690 of this Section.

(b) Manholes shall not be located in the front head of
a tank vessel.

(c) Additional requirements or restrictions for instal-
lation of manholes applicable to the tank lading are
applicable to tanks constructed to the requirements of
1-3.11.1 of this Article. [See 1-3.11.1(d)(4).]

1-3.5.4 Tank Vessel Openings and Integral Heat
Transfer Devices

(a) General Requirements. Except as otherwise required
in 1-3.5.4(b) of this Article, openings in tank vessels shall
meet the following requirements:

(1) An opening shall be provided in each tank ves-
sel used for transportation of liquefied materials to pro-
vide complete drainage.

(2) Except for openings used for gauging devices,
thermometer wells, pressure relief valves, manhole
openings, and liquid and vapor openings for inlets and
outlets for tank lading, the configuration of tank vessel
openings shall be such that they can be closed with a
plug, cap, or bolted flange.

(b) Design and construction of openings, inlets, and
outlets applicable to the transportation of special ladings
shall conform to the rules in 1-3.11.1 of this Article that
are applicable to those ladings.
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(c) Marking of Inlets and Outlets. Except for tank vessel
nozzles used for gauging devices, thermometers, and
pressure relief devices, or except when restricted by
1-3.11.1 of this Article, inlet and outlet nozzles shall be
marked “liquid” or “vapor” to designate whether they
communicate with liquid or vapor when the tank is
filled to its maximum allowed filling density, except that
a filling line communicating with vapor may be marked
“spray fill.”

(d) Refrigeration and heating coils or devices integral
to or attached by welding to the tank vessel wall shall
be designed, constructed, installed, and tested according
to the rules of this Section and this Article where applica-
ble. Where liquid or the vapor condensate used in such
devices is subject to freezing, a method for complete
drainage shall be provided.

1-3.5.5 Tank Vessel Attachment Requirements for
Damage Protection Devices

(a) Except for devices required for impact protection
of safety pressure relief valves, design of collision impact
devices is not within the scope of this Section. However,
the loads transferred into the tank vessel by damage
protection devices and the resulting stresses shall be
considered according to the maximum allowable stress
design criteria of 1-3.5.1 of this Article. The sum of all
stresses in the tank vessel wall, for all types of loads,
including the stress due to the transfer of loads through
protective devices, shall not exceed the value of maxi-
mum stress values allowed in 1-3.5.1(a)(1)(b)(3) of this
Modal Appendix, that corresponds to the type of loads
specified in 1-3.5.1(a)(1)(b)(3) of that paragraph. Damage
protection devices attached to the tank vessel shall not
induce stresses in the tank vessel wall exceeding the
values specified in 1-3.5.1(a)(1)(a) of this Article under
static load conditions specified in 1-3.5.1(a)(1)(b)(4) of
that paragraph.2

(b) Protection of Safety Pressure Relief Valves. Safety
pressure relief valves shall be protected from damage
resulting from collision with other vehicles or objects,
trailer jackknifing, or overturn, and shall be protected

2 Vessel supported damage protection devices shall be designed
to withstand and transfer loads to the tank for two distinct pur-
poses and circumstances (a) to withstand the short duration
defined incident load protection for which purpose they are
attached to the tank in the first place, while not inducing unaccept-
able stress into the tank vessel, and (b) to be capable of continuing
to withstand and provide protection against collapse due to sup-
porting the weight of the fully loaded cargo tank in the aftermath
of a defined incident when the intended support devices have
ceased to function, in which case the objective is to prevent escape
of the tank lading due to damage to protected outlets from a
secondary static collapse of the protection device and to ensure
that the tank vessel is not subjected to an excessive concentrated
primary stress due to gravity [e.g., see (b) regarding protection
against blockage of safety pressure relief valves]. In condition (a)
the high stresses induced in the tank vessel is secondary stress,
and in condition (b) the stresses induced in the tank vessel are
primary stresses due to pressure and gravity.
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so that in the event of an overturn of the tank onto a
hard surface, their opening will not be prevented and
their discharge will not be obstructed. Attachment to
the tank vessel of protective devices through pads is
required and shall meet the requirements of 1-3.5.1(h)
of this Modal Appendix.

(1) Safety relief protection devices shall be
designed to withstand a collision defined incident load-
ing of magnitude required in 1-3.5.1(a)(1)(b)(4) of this
Article, prorated according to the number of devices,
using design margins required by the Competent
Authority, but in no case shall the design margin be
based on ultimate strength required for design of the
safety relief maximum allowable stress values for mate-
rials found in Section II, Part D applicable to this Section.

(2) Total stress induced in the tank vessel wall shall
not exceed the maximum value allowed in
1-3.5.1(a)(1)(b) of this Article when loads required by
1-3.5.1(a)(1) of that paragraph are transmitted into the
tank vessel through the relief valve collision protection
device.

(c) Other Protective Devices Attached to Tank Vessels.
Tank vessel design for attachment and installation of
other defined incident damage protection devices (not
installed for protection of safety relief valves) to the tank
vessel wall through vessel pads shall meet the require-
ments of 1-3.5.1(h) of this Modal Appendix.

(1) Design requirements for other defined incident
damage protection devices, not protecting pressure
relief devices, are beyond the scope of this Section and
shall be established by the Competent Authority.

(2) Total stress induced in the tank vessel from
transfer of loads through attachments of collision dam-
age protection devices, not protecting pressure relief
devices, shall not exceed the maximum value allowed
in 1-3.5.1(a)(1)(b) of this Article when loads required by
1-3.5.1(a)(1)(b)(3) are transmitted into the tank vessel
through attachment of collision protection device.

1-3.5.6 Attachment Requirements for Supporting
and Anchoring Devices

Design details of supporting and anchoring systems
are beyond the scope of this Section, except that attach-
ment to the tank vessel wall of support and anchoring
devices, directly or through pads, shall conform to the
requirements of 1-3.5.1(h) of this Modal Appendix. Total
stresses in the tank vessel wall, including the stress
induced therein by the transfer of loads specified in
Fig. 1-1.4 of this Modal Appendix shall not exceed the
values specified by 1-3.5.1(a)(1)(a) of this Article. Total
stresses induced in the vessel wall by defined incident
loads specified by 1-3.5.1(a)(1)(b)(2) of this Article shall
not exceed the values specified in 1-3.5.1(a)(1)(b) of that
paragraph.
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1-3.6 FABRICATION AND EXAMINATION
1-3.6.1 Tank Vessel Joints

(a) Except as required in 1-3.6.1(b) of this paragraph,
tank vessel joints shall be designed, prepared, and
welded according to those requirements of Parts TW
and TF of this Section that are applicable to the material
composition of the parts to be welded. All undercutting
in tank wall material shall be repaired as specified
therein.

(b) All longitudinal welds in the tank vessel shell shall
be located in the upper half of the tank.

1-3.6.2 Testing

(a) Inspections and Tests. Inspection of materials used
in construction of the tank vessel shall be performed
according to the requirements of Part TM of this Section.
New tank vessels shall be pressure tested according to
the requirements of Article TT-2 of this Section, except
that test pressure for new tanks constructed to the rules
of Article TF-6 of this Section shall be no less than
required by the Competent Authority.

(b) Weld Testing and Inspection
(1) Each tank vessel constructed according to the

requirements of Article TF-6 of this Section shall be sub-
jected, after postweld heat treatment and hydrostatic
tests, to a wet fluorescent magnetic particle inspection
of all welds in, or on the tank shell and heads, inside
and out. The inspection method shall conform to
requirements of TE-245(a) and to Mandatory Appendix
V of this Section, except that permanent magnets shall
not be used.

(2) For tanks not described in (1) above and that
are larger than 13 250 L (3,500 gal) and that are not fully
radiographed, tests shall be made of all welds in or on
the shell and heads both inside and outside by either the
wet fluorescent magnetic particle method in accordance
with Mandatory Appendix V of this Section, the liquid
dye penetrant method in accordance with Mandatory
Appendix VI of this Section, or ultrasonic testing in
accordance with Mandatory Appendix IX of this Section,
and in accordance with relevant paragraphs of Part TE
of this Section.

(c) All defects discovered by the weld inspections
required in (b) above shall be repaired, and the tank
vessel shall again be postweld heat treated, if such heat
treatment was previously performed, and the repaired
area shall again be tested.

1-3.6.3 Postweld Heat Treatment

Postweld heat treatment of tank vessels is required
for tank vessels constructed to the rules of this Article
under the following conditions:

(a) when required by the Competent Authority
(b) where required by 1-3.11.1 of this Article
(c) when tanks are constructed according to the rules

of Article TF-6 of this Section
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Postweld heat treatment of tank vessels shall be per-
formed as required by Article TF-7 of this Section and
1-3.11.1 of this Article, where required.

1-3.7 SAFETY RELIEF DEVICES

Tanks constructed to the rules of this Article shall be
equipped with pressure relief device(s) and shall con-
form to the requirements of Part TR of this Section.

(a) Relief valves installed in tank vessels designed to
the additional requirements of 1-3.11.1 of this Article
shall meet the specifications for type, design, capacity,
temperature range, and pressure settings applicable to
the ladings as required by that Article.

(b) Pressure relief valves shall be designed con-
structed and marked for pressure not less than the tank
vessel maximum allowable working pressure at the tem-
perature expected to be encountered by the user, or the
temperature required by the Competent Authority nor
more than 110% of that value.

1-3.8 ASME NAMEPLATE REQUIREMENTS

Each tank vessel shall have an ASME nameplate made
of stainless steel or other corrosion resisting metal con-
forming to marking and installation requirements of
Part TS of this Section. If the tank vessel is insulated, a
duplicate shall be installed on the outer jacket in accor-
dance with the rules of Part TS and any relevant require-
ments of the Competent Authority. Nameplate markings
for tank vessels designed to operate in a vacuum condi-
tion shall conform to 1-1.10 of this Modal Appendix.

1-3.9 JURISDICTIONAL MARKINGS AND
CERTIFICATION

(a) Certification of compliance of the rules of this Sec-
tion shall consist of completion and availability of docu-
ments according to the requirements of TS-3 of this
Section.

(b) The Competent Authority shall provide its own
rules for compliance certification of its regulations and
requirements.

1-3.10 OPERATION, MAINTENANCE, AND
INSPECTIONS

(a) Inspections and Tests. Except as otherwise required
in (b) below, tank vessels constructed according to the
rules of this Article shall be inspected and tested
according to the most stringent requirements for types
and intervals of in service inspections and tests required
by 1-1.9 of this Modal Appendix, the Competent Author-
ity, or the mandatory requirements of the National Board
Inspection Code.

(b) Tank vessels constructed of materials listed in
Table TM-130.2-6 of this Section shall receive internal

(10)
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inspections and pressure tests at intervals required by
Table 1-1.9 for Category 331 tanks, as follows:

(1) Magnetic particle inspections described in
1-3.6.2(b)(1) of this Article shall be performed in accor-
dance with publication P-26 (formerly TB-2) of the
Compressed Gas Association.

(2) Pressure tests shall be performed according to
the requirements of 1-1.9 of this Section, except that
test pressure for new tanks constructed to the rules of
Article TF-6 of this Section shall be no less than required
by the Competent Authority.

(c) Inservice Repairs. Except as permitted in 1-3.10(d)
below, defects discovered by inspections required in this
paragraph shall be repaired according to the require-
ments in Part TP of this Section and the National Board
Inspection Code.

(d) Alternative Method Inservice Repair of Cracks
Detected by Internal and External Inspections

(1) Where allowed by the Competent Authority
and under conditions listed in (d)(2) below, welded
repairs of cracks discovered by inservice testing required
by (b)(1) of a tank vessel constructed of SA-517 material
may be repaired according to publication P-26 (formerly
TB-2) of the Compressed Gas Association.

(2) Conditions required for alternative repair meth-
ods allowed by (d)(1) above shall be as follows:

(a) Welding procedures for repairs shall be quali-
fied according to Part III, 2.5.3.2, “Welding Method 2”
of the current National Board Inspection Code with the
concurrence of an Authorized Inspector of a pressure
vessel repair facility holding a current R stamp.

(b) The repair welding procedure qualification
shall include Charpy V-notch impact tests at a tempera-
ture no higher than the value of minimum design metal
temperature marked on the tank vessel appropriate to
procedure qualification test criteria for new construction
of vessels of the same material specification and thick-
ness, design pressure, design type, and operating
conditions.

(c) The maximum depth of cracks allowed to be
repaired according to this paragraph shall be no deeper
than one-half of the tank vessel wall material at the
location of any part of the crack.

(d) No part of a crack to be repaired according
to this paragraph shall be located in vessel wall material
with construction thickness exceeding 14.7 mm (0.58 in.).

(e) Tank vessels for which crack repair proce-
dures described in this paragraph are allowable shall
be limited to vessels that have transported anhydrous
ammonia or liquefied petroleum gas or other petroleum
ladings.
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1-3.11 ADDITIONAL REQUIREMENTS

1-3.11.1 Construction Requirements for Cargo Tank
Vessels Used to Transport Specific
Hazardous Materials

(a) Scope and General Requirements. Except where
otherwise required in this paragraph, tank vessels used
to transport the ladings listed in (a)(1) below shall be
constructed to all of the rules of this Modal Appendix
pertaining to Category 331 tanks.

(1) This paragraph contains rules for the construc-
tion of highway tanks used for transportation of

(a) anhydrous ammonia, carbon dioxide oxide
refrigerated liquid, chlorine, nitrous oxide refrigerated
liquid, and sulfur dioxide

(b) other unspecified refrigerated liquids allowed
by the Competent Authority to be transported in cate-
gory 331 tanks

(2) Except as provided in (a)(4) below or otherwise
specified in this paragraph, tank vessels shall be
designed and constructed, and be equipped with pres-
sure relief valves, for the value of maximum allowable
working pressure required by 1-3.3(b) of this Article,
but in no case shall be less than the values listed as
follows:

(a) anhydrous ammonia: 18.3 bar (265 psi)
(b) carbon dioxide oxide refrigerated liquid:

13.80 bar (200 psi), except as provided in (a)(4) below
(c) chlorine: 15.5 bar (225 psi)
(d) nitrous oxide refrigerated liquid: 13.80 bar

(200 psi)
(e) sulfur dioxide: tank vessel capacity not more

than 4 500 L (1,200 gal), 10.3 bar (150 psi)
(f) sulfur dioxide: tank vessel capacity exceeding

4 500 L (1,200 gal), 8.62 bar (125 psi)
(g) unspecified refrigerated liquids: maximum

allowable working pressure and minimum required by
Competent Authority

(3) Each cargo tank vessel used to transport ladings
listed in (a)(1) above, except tanks for transport of anhy-
drous ammonia, shall be covered with a suitable insula-
tion of such thickness that the overall thermal
conductance is not more than the conductance values
listed in (a) and (b) below. Conductance values shall be
measured at 15.6°C (60°F).

(a) Except for additional restrictions in
1-3.11.1(d)(6) of this paragraph, the conductance
required for insulation for tanks that are used to trans-
port carbon dioxide refrigerated liquid, chlorine, or
nitrous oxide refrigerated liquid shall be no greater than
1 600 J/m2/°C differential (0.08 Btu/ft2/°F/hr).

(b) The conductance required for insulation for
tanks that are used to transport sulfur dioxide shall be
no greater than 1 500 J/m2/°C (0.075 Btu/ft2/°F/hr).

(c) The conductance required for insulation for
tanks that are used to transport other refrigerated liquids

(10)
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not otherwise specified shall be as required by the
Competent Authority, or by the user. The Competent
Authority or the user may require or specify temperature
holding time and pressure rise criteria that will require
more stringent insulation conductance specifications
than required by (b) or (c) above.

(4) Where allowed by the Competent Authority,
tank vessels used for transportation of refrigerated liq-
uids may be designed for alternative values of maximum
allowable working pressure no lower than the minimum
value of the pressure range for Category 331 tanks [see
1-3.3(b)(1)(a)], provided

(a) the tank is insulated according to the mini-
mum requirements and criteria of (a)(3)(a) above

(b) the alternative maximum allowable working
pressure value is permitted by the Competent Authority

(c) the tank vessel is constructed and marked for
a minimum design metal temperature no higher than the
coincident temperature of the lading at the alternative
maximum allowable working pressure, according to the
requirements of Article TM-2 of this Section, or in the
alternative

(d) the minimum design metal temperature is set
by the Competent Authority (or the user) at a value
equal to or higher than the vapor temperature of the
lading at the least pressure allowed by 1-3.3(b)(1)(a) of
this Article, and the maximum allowable working pres-
sure value is set by the Competent Authority (or the
user) as equal to or incrementally higher than the vapor
pressure at the minimum design metal temperature

(5) Relief valves shall be installed and located so
that the cooling effect of the tank lading will not prevent
the effective operation of the device. Pressure relief
valves installed in insulated tanks that are designed for
transport of refrigerated liquids, and that are equipped
with manways, may be installed in protected locations
to prevent obstruction or disablement of relief valves
from icing, provided that the inlet port of the relief valve
communicates with the vapor space of the vessel in its
normal operating position through a pipe or tube of
sufficient size to prevent restriction of flow or pressure
drop below the full flow rating of the relief valve. Pipes
or tubes that connect the vapor space of the tank vessel
to the intake port of the relief valves shall be braced and
connected and be of sufficient stiffness and strength to
prevent damage from road vibration and shock, includ-
ing leakage into the liquid space of the tank (see
Nonmandatory Appendix B of this Section). Design of
connecting pipes and tubes shall include a means to test
for damage that results in leakage of liquid to the inlet
port of the relief valve.

(b) Additional Requirements for Construction of
Anhydrous Ammonia Cargo Tank Vessels. Cargo tank ves-
sels used to transport anhydrous ammonia shall be
designed and constructed to the rules of this Article and
as required in this subparagraph.
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(1) Tank vessels shall be constructed to the maxi-
mum allowable working pressure required by (a)(2)(a)
above.

(2) Tank vessels shall be constructed of steel. Use
of copper, silver, zinc, or their alloys is prohibited.

(3) Tank vessels shall be postweld heat treated
according to the requirements of 1-3.6.3 of this Article,
but in no case at a metal temperature less than 566°C
(1,050°F).

(4) Repair of cracks discovered by inspections
required for continued service of tank vessels con-
structed of SA-517 shall be performed according to the
rules in 1-3.10 of this Article.

(c) Additional Requirements for Construction of Carbon
Dioxide Refrigerated Liquid Cargo Tank Vessels

(1) Except as provided in (2) below, tank vessels
shall be constructed to the maximum allowable working
pressure no less than the value required by (a)(2)(b)
above.

(2) Carbon dioxide refrigerated liquid tank vessels
may be designed to an alternative maximum allowable
working pressure no lower than the minimum value of
the pressure range for Category 331 tanks required in
1-3.3(b)(1)(a) of this Article provided the tank is con-
structed to requirements of (a)(4) above.

(3) Relief valves shall be installed and located so
that the cooling effect of the tank lading will not prevent
the effective operation of the device. One or more pres-
sure control devices may be used in addition to the
safety relief valves required by 1-3.7.

(d) Additional Requirements for Construction of Chlorine
Cargo Tank Vessels

(1) Tank vessels shall be constructed to the maxi-
mum allowable working pressure value required by
(a)(2)(c) above.

(2) Material used to construct vessel shell, heads,
the manway, and attachment and support pads shall be
steel as follows:

(a) Material shall conform to minimum require-
ments of specification SA-516 Grade 65 or 70, normal-
ized, or specification SA-612 normalized.

(b) Material plate impact specimens shall meet
Charpy V-notch test requirements of SA-20.

(c) Material plate impact test specimens shall
meet the requirements of 1-3.4(a)(2) of this Article,
except that the minimum impact shall be no less than
40 J (30 ft-lb) in the longitudinal direction, and 27 J
(20 ft-lb) in transverse direction of final rolling of plate
at an impact test temperature no warmer than −40°C
(−40°F).

(3) Minimum thickness of vessel heads and shells
and other pressure-retaining parts shall be no less than
15.9 mm (0.625 in.), including corrosion allowance,
which shall be the smaller value of 20% of the construc-
tion thickness, or 2.5 mm (0.10 in.).
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(4) Tank vessels shall have only one opening that
shall be in the top of the tank vessel, and be fitted with
a nozzle that is protected with a manway cover that
conforms to the standard of The Chlorine Institute, Inc.
drawing 103-4 dated September 1, 1971.

(5) Tank vessels shall be
(a) fully radiographed according to the require-

ments of this Section
(b) postweld heat treated as a unit after comple-

tion of all welding to the tank vessel wall, according to
the requirements of 1-3.6.3 of this Article

(6) Tank insulation shall have a conductance no less
than required in (a)(2)(a) above, and be constructed of
no less than 100 mm (4 in.) of corkboard, or 100 mm
(4 in.) of polyurethane foam, or 50 mm (2 in.) of ceramic
fiber/fiberglass of 6.4 � 10-8 kg/mm3 (4 lb/ft3) mini-
mum density, covered by 50 mm (2 in.) minimum thick-
ness of fiber.

(e) Additional Requirements for Construction of Nitrous
Oxide Refrigerated Liquid Cargo Tank Vessels

(1) Except as provided in (2) below, tank vessels
shall be constructed to the maximum allowable working
pressure required by (a)(2)(d) above.

(2) Nitrous oxide refrigerated liquid tank vessels
may be designed to an alternative maximum allowable
working pressure no lower than the minimum value of
the pressure range for Category 331 tanks required in
(b)(1)(a) above provided the tank is constructed to
requirements of (a)(4) above.

(3) Relief valves shall be installed and located so
that the cooling effect of the tank lading will not prevent
the effective operation of the device. One or more pres-
sure control devices may be used in addition to the
safety relief valves required by 1-3.7 of this Article.

(4) Minimum thickness of shell, heads, and other
pressure retention parts of tank vessels shall be the great-
est of the values determined as follows:

(a) Tank vessel wall thickness shall be no less
than required to meet the stress and load requirements
of 1-3.5.1, 1-3.5.5, and 1-3.5.6 of this Article.

(b) Shells and heads of tanks excluding interme-
diate heads shall be constructed of 7.62 mm (0.30 in.)
minimum SA-240 Type 304 stainless steel; or suitable
steel of equivalent thickness, e1, calculated as required
by 1-3.11.2 of this Article, where the properties of SA-240
Type 304 stainless steel are specified in Section II. The
properties of the actual material used, A1 (percent elon-
gation) and Rm1 (minimum ultimate tensile strength),
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shall be determined from the specified properties of the
actual material in Section II.

(f) Additional Requirements for Construction of Sulfur
Dioxide Cargo Tank Vessels

(1) Tank vessels shall be designed and constructed
to a maximum allowable working pressure equal to the
value required by (a)(2)(e) or (f) above that is applicable
to the tank vessel volume.

(2) Corrosion allowance of shell, heads, and other
pressure retention parts of tank vessels shall be the
smaller value of 20% of the construction thickness, or
2.5 mm (0.10 in.), and shall be exclusive of the greatest
value of minimum thickness required in this
subparagraph.

(3) Minimum thickness of shell, heads, and other
pressure retention parts of tank vessels shall be the great-
est of the values determined as follows:

(a) Tank vessel wall thickness shall be no less
than required to meet the stress and load requirements
of 1-3.5.1, 1-3.5.5, and 1-3.5.6.

(b) Shells and heads of tanks excluding interme-
diate heads shall be constructed of 6.35 mm (0.25 in.)
minimum SA-240 Type 304 stainless steel; or suitable
steel of equivalent thickness, e1, calculated as required
by 1-3.11.2 of this Article, where the properties of SA-240
Type 304 stainless steel are specified in Section II. The
properties of the actual material used, A1 (percent elon-
gation) and Rm1 (minimum ultimate tensile strength),
shall be determined from the specified properties of the
actual material in Section II.

(g) Additional Requirements for Construction of Refriger-
ated Liquid Cargo Tank Vessels Transporting Other
Compressed Gases Not Specified Herein

(1) Tank vessel shall be insulated to the minimum
requirements and performance criteria of (a)(3)(c) above.

(2) Minimum design metal temperature and maxi-
mum allowable working pressure shall be determined
as required in (a)(4) above.

(3) Relief valves shall be installed and located so
that the cooling effect of the tank lading will not prevent
the effective operation of the device. Where allowed by
the Competent Authority, one or more pressure control
devices may be used in addition to the safety relief
valves required by 1-3.7.

1-3.11.2 Equivalent Material Thickness
Where allowed in this Article, when a minimum thick-

ness of a specified material is given, the equivalent thick-
ness of the actual material used shall be determined
according to Mandatory Appendix XIII, Method B.

(10)
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Article 4
Category 338, Vacuum Insulated Cargo Tanks for Transporting

Refrigerated Fluids

1-4.1 SCOPE

(a) This Appendix provides the minimum require-
ments for design, construction, and continued service for
vacuum insulated cargo tanks transporting refrigerated
fluids. These requirements are in addition to all other
applicable requirements of this Section. In addition, all
requirements of the Competent Authority shall be met.

(b) Cargo tanks meeting the requirements of this
Appendix shall be designated and stamped as T, Class 1,
in accordance with the rules of this Section.

(c) For the purpose of this Modal Appendix, refriger-
ated fluids are listed in Table 1-4.1.

1-4.2 GENERAL REQUIREMENTS

(a) Each cargo tank shall consist of one or more suit-
ably supported welded pressure vessels enclosed within
an outer vacuum jacket with insulation between the
inner vessel and outer shell or jacket and having piping,
valves, supports, and other appurtenances. (See
Nonmandatory Appendix E.)

(b) Design and construction details of the tank interior
shall be such that collection and retention of cleaning
materials or contaminants will not occur. To preclude
the entrapment of foreign material, the design and con-
struction of the tank must allow washing of all interior
surfaces by the normal surging of the lading during
transportation. The inner vessel shall be cleaned for the
intended service.

(c) All applicable packaging requirements of the
Competent Authority shall be met.

(d) The maximum allowable working pressure of the
tank must be at least 1.74 bar gauge (25.3 psig) but not
more than 34.5 bar gauge (500 psig).

(e) The material and the protection of the surfaces
exposed to the atmosphere shall be suitable for the
intended service surroundings.

(f) Thermal Conditions. The following thermal condi-
tions shall be taken into account in the design and selec-
tion of materials:

(1) for the inner vessel and its associated equip-
ment, the full range of temperature expected in normal
operation

(2) for the outer jacket and equipment thereof
[other than equipment covered in (1) above]
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(a) a minimum design metal temperature of
−20°C (−4°F)

(b) a maximum design temperature of 50°C
(122°F)

If the jacket is designed for a lower temperature, it
shall be marked on the nameplate.

1-4.3 MATERIALS

Materials of construction shall be as specified in
1-3.1.4(a). The jacket is not part of the pressure vessel.
Cast materials are not permitted, except for valves.

(a) The jacket covering the insulation shall be of steel
if the refrigerated fluid is to be transported by water or
if it is oxygen or a flammable fluid.

(b) In choosing the materials for all parts of the cargo
tank, consideration shall be given to avoidance of brittle
fracture at the minimum design temperature, resistance
to impact loads, and to hydrogen embrittlement and
stress corrosion cracking if applicable. Nonmetallic
materials may be used for the attachments and supports
between the shell and jacket, provided their properties
at the design pressure and minimum design temperature
are proven to be suitable for the intended service.

(c) Any part of the tank, including fittings, gaskets,
and piping, which may come in contact with the cryo-
genic fluid, shall be compatible with that cryogenic fluid.

(d) Valves, fittings, pumps, compressors, or controls
made of aluminum with internal rubbing or abrading
aluminum parts that may come in contact with oxygen
or refrigerated fluid shall not be used on cargo tanks
for oxygen service. Design of the pressure vessel interior
and its internal fixtures shall also exclude any rubbing
or abrading aluminum parts for oxygen service.

1-4.4 DESIGN REQUIREMENTS

(a) General
(1) In the event of an increase in at least one of the

following parameters, the initial design process shall be
repeated to take account of the modifications:

(a) maximum allowable pressure
(b) density of the fluid for which the vessel is

designed
(c) maximum tare weight of the inner vessel
(d) nominal diameter of the inner vessel
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Table 1-4.1
Refrigerated Nontoxic Gases

Item and
Group Identification Number, Name, and Description [Note (1)]

3A Asphyxiant Gases
UN 1913 neon, refrigerated liquid
UN 1951 argon, refrigerated liquid
UN 1963 helium, refrigerated liquid
UN 1970 krypton, refrigerated liquid
UN 1977 nitrogen, refrigerated liquid
UN 2187 carbon dioxide, refrigerated liquid
UN 2591 xenon, refrigerated liquid
UN 3136 trifluoromethane, refrigerated liquid
UN 3158 gas, refrigerated liquid, NOS [Note (2)]

3O Oxidizing Gases
UN 1003 air, refrigerated liquid
UN 1073 oxygen, refrigerated liquid
UN 2201 nitrous oxide, refrigerated liquid, oxidizing
UN 3311 gas, refrigerated liquid, oxidizing, NOS [Note (2)]

3F Flammable Gases
UN 1038 ethylene, refrigerated liquid
UN 1961 ethane, refrigerated liquid
UN 1966 hydrogen, refrigerated liquid
UN 1972 methane, refrigerated liquid, or natural gas, refrigerated liquid, with high

methane content
UN 3138 ethylene, acetylene, and propylene mixture, refrigerated liquid, containing

at least 71.5% ethylene with not more than 22.5% acetylene and not more than
6% propylene

UN 3312 gas, refrigerated liquid, flammable, NOS [Note (2)]

NOTES:
(1) Identification (UN) number, name, and description according to UN Recommendations on Transport

of Dangerous Goods, Modal Regulations
(2) NOS p Not otherwise specified

(e) an increase of more than 5% of the nominal
length of the inner vessel

(2) Or if any change relative to the following
parameters occurs, the initial design process shall be
repeated to take account of the modifications:

(a) the type or grade of material
(b) the fundamental shape
(c) the decrease in the minimum mechanical

properties of the material being used
(d) to the modification of the design of an assem-

bly method concerning any part under stress, particu-
larly as far as the support systems between the inner
vessel and the outer jacket or the inner vessel itself or
the protective frame, if any, are concerned

(b) Design Specification
(1) The following details shall be defined for the

design of any cargo tank:
(a) maximum allowable pressure
(b) fluids intended to be contained
(c) gross volume of the inner vessel
(d) dimensions and allowable weight, taking

characteristics of the vehicle into account
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(e) location of attachment points and loads allow-
able on these points

(f) filling and emptying rate
(g) range of ambient temperature
(h) transportation mode

(2) A design document in the form of drawings
with text, if any, shall be prepared, and it shall contain
the information given above plus the following where
applicable:

(a) drawings with dimensions and thicknesses of
the tank components

(b) specification of all load bearing materials
including grade, class, temper, testing, etc., as relevant

(c) applicable material test certificates
(d) calculations to verify compliance with this

Part
(e) design test program
(f) nondestructive testing requirements
(g) pressure test requirements
(h) piping configuration including type, size, and

location of all valves and relief devices
(i) details of supports and attachments
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Table 1-4.4-1
Design Load Factors for Normal Operations in Specified Transportation Modes

Load Factors

Transportation Load Up, Down, Lateral,
Modes Case Forward, Fi Backward, Fi Fj Fj Fk

Road and water 1 2.0 . . . . . . 1.0 . . .
2 . . . 2.0 . . . 1.0 . . .
3 . . . . . . 1.5 . . . . . .
4 . . . . . . . . . 2.0 . . .
5 . . . . . . . . . 1.0 1.5

(j) diagram showing heat numbers and Charpy
impact values of the plates used for the pressure vessel
construction and their location on the pressure vessel

(c) Design Analysis. The pressure vessel shall be able
to withstand safely the mechanical and thermal loads
encountered during pressure test and normal operation.
The static forces used shall be obtained as required in
(1) and (2) below when the pressure vessel is fully sup-
ported within the vacuum jacket by structural members.

(1) The pressure vessel, its attachments, and sup-
ports shall be designed for the static forces obtained by
multiplying the load factors applicable for the transpor-
tation modes given in Table 1-4.4-1 with the maximum
weight imposed on the pressure vessel in addition to
the design pressure. The maximum weight imposed on
the inner vessel shall include the weights of the inner
vessel, its fastenings and supports, maximum permissi-
ble content, piping, insulation, and any other item sup-
ported on the pressure vessel. Each load case shall be
considered separately but all forces in a load case shall
be considered acting simultaneously. The static forces
obtained are equivalent to the dynamic loads experi-
enced during normal operation of the cargo tank.

(2) The outer jacket, its attachments, and supports
shall be designed for the static forces obtained by multi-
plying the load factors applicable for the transportation
modes given in Table 1-4.4-1 with the maximum weight
imposed on the outer jacket in addition to 2 bar (29 psi)
external pressure. The maximum weight imposed on
the outer jacket shall include the weights of the outer
jacket, with all its enclosures including inner vessel filled
to the maximum permissible capacity and the weights
of all items fastened to or supported from/to the outer
jacket such as piping, controls, cabinets, etc. Each load
case shall be considered separately, but all forces in a
load case shall be considered acting simultaneously. The
static forces obtained are equivalent to the dynamic
loads experienced during normal operation of the
cargo tank.

(3) A cargo tank mounted on a motor vehicle frame
must be supported to the frame by external cradles, load
rings, or longitudinal members. If cradles are used, they
must subtend at least 120 deg of the cargo tank circum-
ference. The design calculations for the supports and
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load bearing tank or jacket, and the support attachments
must include beam stress, shear stress, torsion stress,
bending moment, and acceleration stress for the loaded
vehicle as a unit. The effects of fatigue must also be
considered in the calculations.

(4) Load rings in the jacket used for supporting the
inner vessel shall be designed to carry the fully loaded
inner vessel at the specified static and dynamic loadings
and external pressure.

(d) Fatigue Analysis. The design shall take into account
the effect of cyclic loads on the inner vessel and its
attachments during normal conditions of operation from
mechanical loads obtained from the load factors speci-
fied in Table 1-4.4-2 and design pressure using 109 cycles
for loads in Table 1-4.4-2 and 3 � 105 cycles for pressure.
Fatigue life analysis shall be in accordance with ASME
Code, Section VIII, Division 2, Appendix 5. The Usage
Factor shall not exceed 1.0. In fatigue evaluation of any
item designed to withstand more than one load case, the
maximum loadings in each direction from all applicable
load cases shall be considered to act simultaneously in
determining the magnitude of alternating stresses.

(e) Maximum Allowable Stresses
(1) The inner vessel shall be designed for the design

pressure using the maximum allowable stress values
given in ASME Code, Section II, Part D, for the materials
used [see TM-132(b)].

(2) For the design loads specified in 1-4.4, the maxi-
mum allowable membrane stress values at any point in
the vessel supports and in the vessel wall at support
attachments shall not exceed the lesser of 33% of the
specified minimum tensile strength and 67% of the speci-
fied minimum yield strength of the materials used (see
Section II, Part D, Tables U and Y-1). The local membrane
plus bending stress shall not exceed 75% of the applica-
ble yield strength. For austenitic stainless steels the 1%
proof strength (determined by the 1% offset method),
determined in accordance with the applicable material
specification, may be used instead of the values in
Table Y-1 of Section II, Part D, when acceptable to the
jurisdictional authorities (e.g., 49 CFR 178.274).

When austenitic stainless steels are used, higher ten-
sile strength, yield strength, or 1% proof strength values,
and up to 115% of the minimum specified values in the



2010 SECTION XII

Table 1-4.4-2
Factors for Fatigue Analysis

Load Factors

Up Down Lateral
Transportation Load Forward Backward Cyclic, Cyclic, Steady, Cyclic,

Modes Case Cyclic, Fi Cyclic, Fi Fj Fj Fj Fk

Road and water 1 0.7 . . . . . . . . . 1.0 . . .
2 . . . 0.7 . . . . . . 1.0 . . .
3 . . . . . . 1.0 . . . . . . . . .
4 . . . . . . . . . 1.0 1.0 . . .
5 . . . . . . . . . . . . 1.0 0.7

applicable material standards may be used, provided
these values are reported on the test report.

(c) For nonpressure parts, the enhanced tensile
strength of the material at actual operating temperature
may be substituted for the tensile strength at ambient
temperature to the extent recognized by Section XII or
EN 10028-7.

(f) Design Criteria
(1) Vessels and outer jackets shall be of a circular

cross section.
(2) Vessel shall be designed and constructed to

withstand a test pressure not be less than 1.3 times
the MAWP. For shells with vacuum insulation, the test
pressure shall not be less than 1.3 times the sum of the
MAWP and 1 bar (14.5 psi). Except for an accessory
vessel used for refrigerant (cooling and heating fluid)
storage, the test pressure shall not be less than 3 bar
(44 psi) gauge pressure.

(3) For metals exhibiting a clearly defined yield
point or characterized by a guaranteed proof strength,
the primary membrane stress, S, in the vessel shell shall
not exceed 0.75Re or 0.43Rm, whichever is less, at the
test pressure

where
Re p specified minimum yield strength, MPa

(N/mm2) (psi). [For austenitic stainless steel Re
may be determined by the 0.2% or the 1% offset
method, as appropriate, see 1-1.5(c)(2).]

Rm p specified minimum tensile strength, MPa
(N/mm2) (psi)

(a) The Rm and Re values used in the design shall
be the specified minimum values in accordance with the
applicable national or international materials standards.
For austenitic steels, the specified minimum Re and Rm
values in the applicable material standards may be
increased by up to 15% when greater values are reported
on the material inspection certificate (e.g., test report).
See TF-413(b) for additional welding qualification
requirements.

(b) Steels that have an Re/Rm ratio greater than
0.85 are not permitted for the construction of welded
vessel shells. The values of Re and Rm to be used in
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determining this ratio shall be the specified minimum
values in the applicable material specification.

(c) Steels used in the construction of vessels shall
have an elongation at fracture, in percent, not less than
10,000/Rm. The elongation shall not be less than 16%
for fine grain steels and 20% for other steels. Aluminum
and aluminum alloys used in the construction of vessels
shall have an elongation at fracture, in percent, not less
than 10,000/6Rm. The elongation shall not be less than
12% for aluminum and aluminum alloys.

NOTE: The unit to be used for Rm to compute the percent elonga-
tion shall be N/mm2 (1 N/mm2 p 1 MPa p 145 psi).

(d) For sheet metal, the tensile test specimen shall
be oriented at right angles (transverse) to the principal
direction rolling. The elongation at fracture shall be mea-
sured on test specimens of rectangular cross section in
accordance with ISO 6892:1998, Metallic Materials —
Tensile Testing, using a 50 mm (2 in.) gauge length.

(g) Minimum Vessel Wall Thickness
(1) The minimum pressure vessel thickness shall

be the greater of the following:
(a) the minimum thickness determined in accor-

dance with the requirements in (2) through (4) below
(b) the minimum thickness determined in accor-

dance with 1-4.4(c)(1)
(2) Vessels of not more than 1.80 m (71.0 in.) in

diameter shall be not less than 5 mm (0.20 in.) thick in
the Reference material [see (6) below], or shall be of
equivalent thickness in the metal to be used. Vessels of
more than 1.80 m (71.0 in.) in diameter shall be not less
than 6 mm (0.24 in.) thick in the Reference material, or
of equivalent thickness in the metal to be used.

(3) Vessels of vacuum-insulated tanks of not more
than 1.80 m (71.0 in.) in diameter shall be not less than
3 mm (0.12 in.) thick in the Reference material [see (6)
below] or of equivalent thickness in the metal to be used.
Such vessels of more than 1.80 m (71.0 in.) in diameter
shall be not less than 4 mm (0.16 in.) thick in the Refer-
ence material, or of equivalent thickness in the metal to
be used.

(4) Vessels shall be not less than 3 mm (0.12 in.)
thick regardless of the material of construction.
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(5) For vacuum-insulated tanks, the aggregate
thickness of the jacket and the vessel wall shall corre-
spond to the minimum thickness prescribed in (2) above,
and the thickness of the vessel wall shall not less than
the minimum thickness prescribed in (3) above.

(6) Evacuated jackets for flammable fluids shall
have a minimum thickness of 6 mm (0.24 in.) in the
reference material.

(7) In no case shall the vessel wall and/or jacket
thickness be less than that required by (1) through (6)
above. The minimum thickness shall be exclusive of any
corrosion allowance.

(8) The equivalent thickness of a material to the
reference material thickness prescribed in (2), (3), and
(6) above shall be determined according to Mandatory
Appendix XIII, Reference Material and Equivalent
Thickness.

(h) Surge Plates. The inner vessel shall be divided by
surge plates to provide stability and limit dynamic loads
to the requirements of 1-4.4(c) above, unless it is to be
filled equal to or more than 80% of its capacity or nomi-
nally empty. The surge plate shall cover at least 70% of
the cross-section of the vessel.

The volume between surge plates shall not exceed
10 500/sg L (2,790/sg gal)

where
sg p the specific gravity of the cryogenic fluid at 1 bar

saturation (14.5 psig)

Surge plates and their attachments to the shell shall
be designed to resist the stresses caused by a pressure
evenly distributed across the area of the surge plate.
The pressure is calculated by considering the mass of
liquid between the plates decelerating at 2 g (Table 1-4.1).

1-4.5 FABRICATION AND EXAMINATION

(a) All welded joints in the pressure vessel shall meet
the requirements of this Section, except that butt welds
with one plate edge offset are not permitted [see
Fig. TW-135.1(k)].

(b) All longitudinal welds in the pressure vessel must
be located so as not to intersect nozzles or supports
other than load rings and stiffening rings.

(c) All inner vessel nozzle-to-shell and nozzle-to-head
welds shall be full penetration welds.

(d) Provision for internal access shall be required for
all cargo tanks transporting oxygen. Each inner vessel
having an internal access shall be

(1) provided with means of entrance and exit
through the jacket, or

(2) marked on its jacket to indicate the access loca-
tion on the inner vessel.

A manhole with a bolted closure may not be located
on the front head of the tank.
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(e) The inlet to the liquid product discharge opening
of each pressure vessel intended for flammable lading
shall be at the bottom of the inner vessel.

(f) A tank for oxygen service shall be thoroughly
cleaned in accordance with industry standards (e.g.,
CGA G-4.1, Cleaning Equipment for Oxygen Service) to
remove foreign material that could react with the lading.
NOTE: The use of backing rings requires careful consideration of
cleanliness, product drainage, and materials for safe application
in oxygen service.

(g) All butt welds in the pressure vessel shell and
heads subject to pressure shall be examined radiographi-
cally or ultrasonically for their full length in accordance
with Article TE.

1-4.6 PRESSURE RELIEF DEVICES

(a) Every tank shall be provided with two indepen-
dent pressure relief systems that are not connected in
series, namely

(1) a primary system of one or more spring-loaded
pressure relief valves and

(2) a secondary system of one or more frangible
discs or pressure relief valves

(b) A Competent Authority may require stricter safe-
guards than those specified in this part.

(c) Capacity and Set Pressure of Pressure Relief Devices
(1) For the primary system, the pressure relief

valves must have a set point not greater than 110% of
the MAWP and be fully open at a pressure not exceeding
121% of the MAWP. These pressure relief valves must,
after discharge, close at a pressure not lower than the
MAWP and must remain closed at all lower pressures.
The pressure relief valves should be of the type that will
resist dynamic forces, including surge. The capacity for
the pressure relief valves for the primary system shall
provide for loss of vacuum and be sufficient so that the
pressure inside the tank does not exceed 121% of the
MAWP.

(2) For the secondary system, both the primary and
secondary relieving devices, under complete fire
engulfment at a coincident temperature not exceeding
427°C (800°F), shall be sufficient to limit the pressure in
the tank to the test pressure.

(3) The required capacity of the relief devices shall
be calculated in accordance with CGA S-1.2.

(d) Design and Construction. Each pressure relief valve
and frangible disc holder must be designed and con-
structed for a pressure equal to or exceeding the tank’s
test pressure at the coldest temperature expected. Pres-
sure relief devices must be either spring-loaded pressure
relief valves or, for the secondary system, frangible discs.
Pressure relief valves must be of a type that automati-
cally opens and closes at predetermined pressures.

(e) Optional Pressure Relief Devices and Pressure Control
Valves. In addition to the required pressure relief devices,
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a cargo tank in refrigerated liquid service may be
equipped with one or both of the following:

(1) one or more pressure control valves set at a
pressure below the tank’s design pressure

(2) one or more frangible discs set to function at a
pressure not less than the test pressure or more than
1.75 times the maximum allowable working pressure of
the tank

(f) Type, Application, Testing, Marking, and Maintenance
Requirements. Unless otherwise specified in this Section,
the type, application, testing, marking, and maintenance
requirements for pressure relief devices shall be as speci-
fied in CGA S-1.2.

(g) Maximum Filling Rate
(1) For a tank used in oxygen and flammable refrig-

erated fluid service, the maximum rate at which the tank
is filled shall not exceed the liquid flow capacity of the
primary pressure relief system, rated at a pressure not
exceeding 121% of the tank’s design pressure. This rate
shall be included on the inner vessel plate.

(2) On a tank used in helium and atmospheric gas
(except oxygen) refrigerated fluid service, the maximum
rate at which the tank is filled shall not exceed the liquid
flow capacity of the pressure relief valves, rated at the
test pressure of the inner vessel. This rate shall be
included on the inner vessel nameplate.

(h) Arrangement and Location of Pressure Relief Devices
(1) The discharge from any pressure relief system

must be unobstructed to the outside of any protective
housing in such a manner as to prevent impingement
of gas upon the jacket or any structural part of the tank,
or operating personnel. For oxygen and flammable
refrigerated fluid service, the discharge must be directed
upward.

(2) Each pressure relief valve shall be arranged or
protected to prevent accumulation of foreign material
between the relief valve and the atmospheric discharge
opening in any relief piping. The arrangement must not
impede the flow through the device.

(3) Each pressure relief valve shall be designed and
located to minimize the possibility of tampering. If the
pressure setting or adjustment is external to the valve,
the valve shall be sealed.

(4) Each pressure relief device shall have direct
communication with the vapor space of the inner vessel
at the mid length.

(5) Each pressure relief device shall be installed and
located so that the cooling effect of the contents during
venting will not prevent the effective operation of the
device.

(i) Connections
(1) Each connection to a pressure relief device must

be of sufficient size to allow the required rate of dis-
charge through the pressure relief device. The inlet con-
nection must be not less than 1⁄2 in. nominal pipe size.
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(2) A shut-off valve may be installed in a pressure
relief system only when the required relief capacity is
provided at all times.

(j) Markings
(1) The flow capacity and rating shall be verified

and marked by the Manufacturer of the safety relief
valve in accordance with the requirements of Part TR.

(2) Every pressure relief device shall be plainly and
permanently marked with the following:

(a) the pressure (bar or psig) at which it is set to
discharge

(b) the allowable tolerance at the set pressure for
spring-loaded devices

(c) the reference temperature corresponding to
the rated pressure for frangible discs

(d) the rated flow capacity of the device in stan-
dard cubic meters of air per second (m3/s) or standard
cubic feet of air per minute (SCFM)

(e) when practicable, the Manufacturer’s name
and relevant catalogue number shall also be marked on
the pressure relief device

(f) each pressure control valve must be plainly
and permanently marked with the pressure, in psig, at
which it is set to discharge

(3) In addition, the markings shall comply with the
applicable requirements of the jurisdiction.

1-4.7 ASME NAMEPLATE REQUIREMENTS

All applicable nameplate and stamping requirements
of this Section shall be met [see 1-4.1(b)]. A duplicate
nameplate shall be installed on the outer jacket.

1-4.8 JURISDICTIONAL MARKINGS

Every cargo tank must be marked and labeled in
accordance with the requirements of the jurisdiction or
Competent Authority.

1-4.9 OPERATION, MAINTENANCE, AND
INSPECTION

(a) Cargo tanks shall be tested and inspected periodi-
cally at intervals required by the Competent Authority
(for example, see 49 CFR, Part 180, Subpart E).

Vacuum jacketed cargo tanks used for dedicated
transportation of refrigerated liquefied gases are
exempted from the external inspection of the pressure
vessel. Unless the pressure vessel is fitted with inspec-
tion openings on the pressure vessel, internal inspection
of the pressure vessel is also not required.

(b) The periodic inspection and test shall include
those inspections and tests for the intermediate periodic
inspection, and an internal (unless exempted) and exter-
nal examination.
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(c) An exceptional inspection and test is necessary
when a cargo tank shows evidence of damage or cor-
roded areas, leakage, or other conditions that indicate
a deficiency that could affect the integrity of the cargo
tank: the tank has been in an accident and has been
damaged to an extent that may adversely affect its reten-
tion capability; the tank has been out of service for a
period of one year or longer; or the tank has been modi-
fied from its original design specifications (see Arti-
cle TP-2). The extent of the exceptional inspection and
test shall depend on the amount of damage or deteriora-
tion of the cargo tank. It shall include at least the inspec-
tion and a pressure test. Pressure relief devices need not
be tested or replaced unless there is reason to believe
the relief devices have been affected by the damage or
deterioration.

(d) The internal and external examinations shall
ensure that

(1) the outside of the vacuum jacket and — if inter-
nal inspection is required — the inside of the pressure
vessel is inspected for pitting, corrosion, or abrasions,
dents, distortions, defects in welds or any other condi-
tions, including leakage, that might render the cargo
tank unsafe for transportation.

(2) the piping, valves, and gaskets are inspected for
corroded areas, defects, and other conditions, including
leakage, that might render the portable tank unsafe for
filling, discharge, or transportation.

(3) devices for tightening manhole covers are oper-
ative and there is no leakage at manhole covers or
gaskets.

(4) missing or loose bolts or nuts on any flanged
connection or blank flange are replaced or tightened.

(5) all emergency devices and valves are free from
corrosion, distortion, and any damage or defect that
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could prevent their normal operation. Remote closure
devices and self closing stop-valves must be operated
to demonstrate proper operation. Reclosable Pressure
Relief devices shall be removed from the tank and tested
separately unless they can be tested while installed on
the cargo tank.

(6) required markings on the cargo tank are legible
and in accordance with the applicable requirements

(e) The leakage test for cargo tanks used for refriger-
ated liquefied gas shall be performed at 90% of MAWP.
During each leakage test the surface of all external unin-
sulated joints under pressure during transportation
must be coated with a solution of soap and water or
other material suitable for the purpose of detecting
leaks. Alternately, helium mass spectrometer or ultra-
sonic leak detection with proper sensitivity may be used
for leak testing. The pressure shall be held for a period
of time sufficiently long to assure detection of leaks, but
in no case less than 5 min. During the test, relief devices
may be removed, but all the closure fittings must be in
place and the relief device openings plugged.

(f) Inspection personnel shall be qualified as required
by Article TG-4.

(g) A cargo tank that fails a prescribed test or inspec-
tion shall be repaired and retested, or be removed from
service. If scrapped, the ASME nameplate and jurisdic-
tional nameplate shall be removed.

(h) Only manufacturing or repair facilities registered
with the Competent Authority and accredited as
required by Part TP may perform and certify repairs
and alterations to the cargo tank. If required by the
Competent Authority, the facility performing in-service
testing and inspections shall be registered with the
Competent Authority.
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MODAL APPENDIX 2
RAIL TANK CARS

(In preparation)
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MODAL APPENDIX 3
PORTABLE TANKS

Article 1
Cryogenic Portable Tanks

3-1.1 SCOPE

(a) This Modal Appendix provides the minimum
requirements for design, construction, and continued
service for portable tanks transporting cryogenic fluids.
These requirements are in addition to all other applicable
requirements of this Section. In addition, all require-
ments of the Competent Authority shall be met.

(b) Portable tanks meeting the requirements of this
Modal Appendix shall be designated and stamped as
T, Class 1, in accordance with the rules of this Section.

(c) For the purpose of this Modal Appendix, cryo-
genic fluids are listed in Table 3-1.1.

3-1.2 DEFINITIONS

cryogenic portable tank: a multimodal tank having a capac-
ity of more than 450 L (120 gal) used for the transport
of substances listed in Table 3-1.1. The cryogenic porta-
ble tank includes a shell fitted with service equipment
and structural equipment. The tank shall be capable of
being filled and discharged without the removal of its
structural equipment. It shall possess stabilizing mem-
bers external to the shell and shall be capable of being
lifted full. It shall be designed primarily to be loaded
onto a transport vehicle or ship and shall be equipped
with skids, mountings, or accessories to facilitate
mechanical handling. Road tank-vehicles, rail
tank-wagons, nonmetallic tanks, and intermediate bulk
containers (IBCs) are not considered to fall within the
definition for cryogenic portable tanks.

design pressure: the pressure used in pressure vessel
design calculations required by this Section for
determining the vessel thicknesses. This is equivalent of
the MAWP as defined by TD-160 plus static head of
lading. If the jacket is evacuated, the design pressure is
the sum of the MAWP, 101 kPa (14.7 psia) jacket vacuum,
and the static head of lading.

design type: one or more portable tanks that are made
(a) by the same manufacturer
(b) to the same engineering drawings and calcula-

tions, except for minor variations in piping that do not
affect the lading retention capability of the portable tank
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(c) of the same materials of construction except for
minor nonstress-bearing parts

(d) to the same cross-sectional dimensions
(e) to a length varying by no more than 5%
(f) with the volume varying by no more than 5% (due

to a change in length only)
(g) with insulation providing the same or better ther-

mal performance

flammable gases: gases that at 20°C (68°F) and a standard
pressure of 101 kPa (14.7 psi)

(a) are ignitable when in a mixture of 13% or less by
volume with air, or

(b) have a flammable range with air of at least 12
percentage points regardless of the lower flammable
limit. Flammability shall be determined by tests or by
calculations in accordance with methods adopted by
ISO (see ISO 10156).

NOTE: See Table 3-1.1 for examples of flammable gases.

jacket: either the outer shell or insulation cover.

periodic test pressure: the pressure at which the portable
tank shall be tested at intervals specified by the
Competent Authority.

3-1.3 GENERAL REQUIREMENTS

(a) Each portable tank shall consist of one or more
suitably supported welded pressure vessels enclosed
within an outer jacket with insulation between the inner
vessel and outer shell or jacket and having piping,
valves, supports, and other appurtenances (see
Nonmandatory Appendix E).

(b) Design and construction details of the tank interior
shall be such that collection and retention of cleaning
materials or contaminants will not occur. To preclude
the entrapment of foreign material, the design and con-
struction of the tank must allow washing of all interior
surfaces by the normal surging of the lading during
transportation.

(c) All applicable packaging requirements of the
Competent Authority shall be met.
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Table 3-1.1 Refrigerated Nontoxic Gases

Item and
Group Identification Number, Name, and Description [Note (1)]

3A Asphyxiant Gases
UN 1913 Neon, refrigerated liquid
UN 1951 Argon, refrigerated liquid
UN 1963 Helium, refrigerated liquid
UN 1970 Krypton, refrigerated liquid
UN 1977 Nitrogen, refrigerated liquid
UN 2187 Carbon dioxide, refrigerated liquid
UN 2591 Xenon, refrigerated liquid
UN 3136 Trifluoromethane, refrigerated liquid
UN 3158 Gas, refrigerated liquid, NOS

3O Oxidizing Gases
UN 1003 Air, refrigerated liquid
UN 1073 Oxygen, refrigerated liquid
UN 2201 Nitrous oxide, refrigerated liquid, oxidizing
UN 3311 Gas, refrigerated liquid, oxidizing, NOS

3F Flammable Gases
UN 1038 Ethylene, refrigerated liquid
UN 1961 Ethane, refrigerated liquid
UN 1966 Hydrogen, refrigerated liquid
UN 1972 Methane, refrigerated liquid; or natural gas, refrigerated liquid, with high

methane content
UN 3138 Ethylene, acetylene and propylene mixture, refrigerated liquid, containing

at least 71.5% ethylene with not more than 22.5% acetylene and not
more than 6% propylene

UN 3312 Gas, refrigerated liquid, flammable, NOS

GENERAL NOTE: NOS p Not otherwise specified.

NOTE:
(1) Identification (UN) number, name, and description according to UN Recommendations on Transport

of Dangerous Goods — Model Regulations.

3-1.4 MATERIALS

(a) Materials of construction for the pressure vessel
shall be those allowed by this Section. The jacket is not
part of the pressure vessel. The jacket material may be
of materials permitted in this Section or ASTM- or ISO-
designated materials, provided they comply with the
applicable requirements of the Competent Authority.
Cast materials are not permitted, except for valves.

(b) The jacket covering the insulation shall be of steel.
(c) Nonmetallic materials may be used for the attach-

ments and supports between the shell and jacket, pro-
vided their properties at the minimum design pressure
and temperature are proven to be suitable for the
intended service. In choosing the material, consideration
shall be given to avoidance of brittle fracture at the
minimum design temperature, resistance to impact
loads and to hydrogen embrittlement and stress corro-
sion cracking.

(d) Any part of the tank, including fittings, gaskets,
and piping, which may come into contact with the cryo-
genic fluid, shall be compatible with that cryogenic fluid.

(e) Materials that may react with oxygen or oxygen-
enriched atmospheres in a dangerous manner shall not
be used in portable tanks intended for the transport

220

of cryogenic liquid having a boiling point of −182°C
(−296°F), or lower.

(f) Aluminum and aluminum alloys that may come
in contact with cryogenic oxygen by internal rubbing
or abrading shall not be used. Aluminum valves, pipe,
or fittings external to the jacket that retain the oxygen
lading during transportation shall not be used.

3-1.5 DESIGN REQUIREMENTS

Design of the inner vessel and jacket shall meet all
applicable requirements of this Appendix and of
Nonmandatory Appendix E.

(a) Design Loads. The pressure vessel shall be able
to withstand safely the mechanical and thermal loads
encountered during pressure test and normal operation.
The static forces used shall be obtained as specified in
3-1.5(a)(1).

(1) In addition to the design pressure, the pressure
vessel and its attachments shall be designed for the static
forces obtained by multiplying the load factors applica-
ble for the transportation modes given in Table 3-1.5-1
with the maximum weight imposed on the pressure
vessel. The maximum weight imposed on the pressure
vessel shall include the weight of the pressure vessel, its
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Table 3-1.5-1 Design Load Factors for Normal Operations in Specified Transportation Modes

Load Factors

Forward, Backward, Up, Down, Lateral,
Transportation Modes Load Case Fi Fi Fi Fi Fk

Road and Water 1 2.0 . . . . . . 1.0 . . .
2 . . . 2.0 . . . 1.0 . . .
3 . . . . . . 1.0 . . . . . .
4 . . . . . . . . . 2.0 . . .

5 [Note (1)] . . . . . . . . . 1.0 1.0
5A [Note (1)] . . . . . . . . . 1.0 2.0

Rail Without 1 4.0 . . . . . . 1.0 . . .
Cushioning 2 . . . 4.0 . . . 1.0 . . .
Devices [Note (2)] 3 . . . . . . 2.0 . . . . . .

4 . . . . . . . . . 2.0 . . .
5 [Note (1)] . . . . . . . . . 1.0 2.0

5A [Note (1)] . . . . . . . . . 1.0 4.0

Rail With 1 2.0 . . . . . . 1.0 . . .
Cushioning 2 . . . 2.0 . . . 1.0 . . .
Devices [Note (2)] 3 . . . . . . 2.0 . . . . . .

4 . . . . . . . . . 2.0 . . .
5 . . . . . . . . . 1.0 2.0

NOTES:
(1) Load case 5A shall be considered instead of load case 5, if the direction of travel is not known.
(2) The cushioning devices shall meet the requirements of 49 CFR 179.400-13.

fastenings and supports, maximum permissible content,
piping, insulation, and any other item supported on
the pressure vessel. Each load case shall be considered
separately, but all forces in a load case shall be consid-
ered acting simultaneously. The static forces obtained
are equivalent to the dynamic loads experienced during
normal operation of the transport vessel.

(b) Fatigue Analysis. The design shall take into account
the effect of pressure, thermal and mechanical cyclic
loads on the inner vessel and its attachments. During
normal conditions of operation mechanical loads
obtained from the load factors specified in Table 3-1.5-2
shall be used in the fatigue analysis. Fatigue life analysis
shall be based on 109 cycles, in accordance with ASME
Code, Section VIII, Division 2, Appendix 5. The Usage
Factor shall not exceed 1.0.

In fatigue evaluation of any item designed to with-
stand more than one load case, the maximum loadings
in each direction from all applicable load cases shall
be considered to act simultaneously in determining the
magnitude of alternating stresses.

(c) Maximum Allowable Stresses
(1) The inner vessel shall be designed for the design

pressure using the maximum allowable stress values
given in ASME Code, Section II, Part D, for the materials
used [see TM-130.2(b)].

(2) For the design loads specified in 3-1.5, the maxi-
mum allowable membrane stress values at any point in
the vessel supports and in the vessel wall at support
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attachments shall not exceed the lesser of 33% of the
specified minimum tensile strength and 67% of the speci-
fied minimum yield strength of the materials used (see
Section II, Part D, Tables U and Y-1). The local membrane
plus bending stress shall not exceed 75% of the applica-
ble yield strength. For austenitic stainless steels the 1%
proof strength (determined by the 1% offset method),
determined in accordance with the applicable material
specification, may be used instead of the values in
Table Y-1 of Section II, Part D, when acceptable to the
jurisdictional authorities (e.g., 49 CFR 178.274).

(a) When austenitic stainless steels are used,
higher tensile strength and yield strength values [or 1%
proof strength values, see 3-1.5(c)(2)] may be used, pro-
vided these values are reported on the test report and
do not exceed the specified minimum values by more
than 15%.

(d) Design Criteria
(1) Vessels shall be of a circular cross-section.
(2) Vessel shall be designed and constructed to

withstand a test pressure not less than 1.3 times the
MAWP. For shells with vacuum insulation the test pres-
sure shall be not less than 1.3 times the sum of the
MAWP and 100 kPa (1 bar) (14.5 psi). In no case shall
the test pressure be less than 300 kPa (3 bar) (43.5 psi)
gauge pressure. See 3-1.5(e)(2) through 3-1.5(e)(7).

(3) For metals exhibiting a clearly defined yield
point or characterized by a guaranteed proof strength,
the primary membrane stress, S in the vessel shell shall
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Table 3-1.5-2 Factors for Fatigue Analysis in Specified Transportation Modes

Load Factors
DownForward Backward Up Lateral

Cyclic, Cyclic, Cyclic, Cyclic, Steady, Cyclic,
Transportation Modes Load Case Fi Fi Fi Fi Fj Fk

Road and Water 1 0.7 . . . . . . . . . 1.0 . . .
2 . . . 0.7 . . . . . . 1.0 . . .
3 . . . . . . 1.0 . . . . . . . . .
4 . . . . . . . . . 1.0 1.0 . . .
5 . . . . . . . . . . . . 1.0 0.7

Rail Without 1 4.0 . . . . . . . . . 1.0 . . .
Cushioning 2 . . . 4.0 . . . . . . 1.0 . . .
Devices [Note (1)] 3 . . . . . . 1.0 . . . . . . . . .

4 . . . . . . . . . 1.0 1.0 . . .
5 [Note (2)] . . . . . . . . . . . . 1.0 1.0

5A [Note (2)] . . . . . . . . . . . . 1.0 4.0

Rail With 1 2.0 . . . . . . . . . 1.0 . . .
Cushioning 2 . . . 2.0 . . . . . . 1.0 . . .
Devices [Note (1)] 3 . . . . . . 1.0 . . . . . . . . .

4 . . . . . . . . . 1.0 1.0 . . .
5 [Note (2)] . . . . . . . . . . . . 1.0 1.0

5A [Note (2)] . . . . . . . . . . . . 1.0 2.0

NOTES:
(1) The cushioning devices shall meet the requirements of 49 CFR 179.400-13.
(2) Load case 5A shall be considered instead of load case 5, if the direction of travel is not known.

not exceed 0.75Re or 0.50Rm, whichever is less, at the
test pressure, where

Re p specified minimum yield strength, MPa
(N/mm2) (psi). [For austenitic stainless steel
Re may be determined by the 0.2% or the 1%
offset method, as appropriate, see 3-1.5(c)(2).]

Rm p specified minimum tensile strength, MPa
(N/mm2) (psi)

(a) The Rm and Re values used in the design shall
be the specified minimum values in accordance with the
applicable national or international materials standards.
For austenitic steels, the specified minimum Re and Rm
values in the applicable material standards may be
increased by up to 15% when greater values are reported
on the material inspection certificate (e.g., test report).
See TF-410.3(b) for additional welding qualification
requirements.

(b) Steels that have an Re/Rm ratio greater than
0.85 are not permitted for the construction of welded
vessel shells. The values of Re and Rm to be used in
determining this ratio shall be the specified minimum
values in the applicable material specification.

(c) Steels used in the construction of vessels shall
have an elongation at fracture, in %, not less than
10 000/Rm. The elongation shall not be less than 16%
for fine grain steels and 20% for other steels. Aluminum
and aluminum alloys used in the construction of vessels
shall have an elongation at fracture, in %, not less than
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10 000/6Rm. The elongation shall not be less than 12%
for aluminum and aluminum alloys.

NOTE: The unit to be used for Rm to compute the percent elonga-
tion shall be N/mm2. (1 N/mm2 p 1 MPa p 145 psi.)

(d) For sheet metal, the tensile test specimen shall
be oriented at right angles (transverse) to the principal
direction of rolling. The elongation at fracture shall be
measured on test specimens of rectangular cross section
in accordance with ISO 6892: 1998, Metallic Materials —
Tensile Testing, using a 50 mm (2 in.) gauge length.

(e) Minimum Vessel Wall Thickness
(1) The minimum vessel shell thickness shall be the

greater of
(a) the minimum thickness determined in accor-

dance with the requirements in 3-1.5(e)(2) through
3-1.5(e)(7)

(b) the minimum thickness determined in accor-
dance with this Section, including the requirements of
3-1.5(d)

(2) Vessels of not more than 1.80 m (71 in.) in diame-
ter shall be not less than 5 mm (0.197 in.) thick in the
Reference steel [see 3-1.5(e)(6)], or shall be of equivalent
thickness in the metal to be used. Vessels of more than
1.80 m (71 in.) in diameter shall be not less than 6 mm
(0.236 in.) thick in the Reference steel, or of equivalent
thickness in the metal to be used.

(3) Vessels of vacuum-insulated tanks of not more
than 1.80 m (71 in.) in diameter shall be not less than
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3 mm (0.118 in.) thick in the Reference steel [see
3-1.5(e)(6)] or of equivalent thickness in the metal to be
used. Such vessels of more than 1.80 m (71 in.) in diame-
ter shall be not less than 4 mm (0.158 in.) thick in the
Reference steel, or of equivalent thickness in the metal
to be used.

(4) For vacuum-insulated tanks, the aggregate
thickness of the jacket and the vessel wall shall corre-
spond to the minimum thickness prescribed in
3-1.5(e)(2), and the thickness of the vessel shell shall
be not less than the minimum thickness prescribed in
3-1.5(e)(3).

(5) Vessels shall be not less than 3 mm (0.118 in.)
thick regardless of the material of construction.

(6) The equivalent thickness of a material to the
reference material thickness prescribed in (2), (3), and
(4) above shall be determined according to Mandatory
Appendix XIII.

(7) In no case shall the vessel wall thickness be less
than that required by 3-1.5(e)(1) through 3-1.5(e)(5). All
vessel parts shall have a minimum thickness as deter-
mined by 3-1.5(e)(1) through 3-1.5(e)(6). The thickness
shall be exclusive of any corrosion allowance.

3-1.6 FABRICATION AND EXAMINATION

(a) All welded joints in the pressure vessel shall meet
the requirements of this Section, except that butt welds
with one plate edge offset are not permitted. [See
Fig. TW-130.5-1, sketch (k).]

(b) All longitudinal welds in the pressure vessel must
be located so as not to intersect nozzles or supports
other than load rings and stiffening rings.

(c) All inner vessel nozzle-to-shell and nozzle-to-head
welds shall be full penetration welds.

(d) Bolted manholes or inspection openings are not
required.

(e) The inlet to the liquid product discharge opening
of each pressure vessel intended for flammable lading
shall be at the bottom of the inner vessel.

(f) A tank for oxygen service shall be thoroughly
cleaned in accordance with industry standards (e.g.,
CGA G-4.1, Cleaning Equipment for Oxygen Service) to
remove foreign material that could react with the lading.
NOTE: The use of backing rings requires careful consideration of
cleanliness, product drainage, and materials for safe application
in oxygen service.

(g) All butt welds in the pressure vessel shell and
heads subject to pressure shall be examined radiographi-
cally or ultrasonically for their full length in accordance
with Part TE.

3-1.7 PRESSURE-RELIEF DEVICES

(a) Number of Pressure-Relief Devices
(1) Every tank shall be provided with not less than

two independent spring-loaded reclosing pressure-relief
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devices. The pressure-relief devices shall open automati-
cally at a pressure not less than the maximum allowable
working pressure (MAWP) and be fully open at a pres-
sure equal to 110% of the MAWP. These devices shall,
after discharge, close at a pressure not less than 10%
below MAWP, and shall remain closed at all lower pres-
sures. The pressure-relief devices shall be of the type
that will resist dynamic forces, including surge.

(2) In the case of the loss of vacuum, an additional
reclosing pressure-relief device, set at no more than 110%
of the MAWP, may be used, and the combined capacity
of all pressure-relief devices installed shall be sufficient
so that the pressure (including accumulation) inside the
vessel does not exceed 120% of the MAWP. For nonflam-
mable refrigerated liquefied gases (except oxygen) and
hydrogen, this capacity may be achieved by the use of
rupture discs in parallel with the required safety relief
devices. Rupture discs shall rupture at a nominal pres-
sure equal to the test pressure.

(3) Under the circumstances described in (a)(1) and
(a)(2) above, together with complete fire engulfment,
the combined capacity of all pressure-relief devices shall
be sufficient to limit the pressure in the tank to the test
pressure.

(4) Pressure-relief devices shall be designed to pre-
vent the entry of foreign matter, the leakage of gas, and
the development of any dangerous excess pressure.

(b) Capacity. The required capacity of the relief devices
shall be calculated in accordance with CGA S-1.2 or ISO
21013-3:2006. The pressure-relief system shall be sized
so that the pressure drop during discharge does not
cause the valve to reseat instantly.

(c) Type, Application, Testing, Marking, and Maintenance
Requirements. Unless otherwise specified in this Section,
the type, application, testing, marking, and maintenance
requirements for pressure-relief devices shall be as speci-
fied in CGA S-1.2.

(d) Maximum Filling Rate
(1) For a tank used in oxygen and flammable cryo-

genic service, the maximum rate at which the tank is
filled shall not exceed the liquid flow capacity of the
primary pressure-relief system, rated at a pressure not
exceeding 120% of the tank’s design pressure. This rate
shall be included on the inner vessel nameplate.

(2) On a tank used in helium and atmospheric gas
(except oxygen) cryogenic liquid service, the maximum
rate at which the tank is filled shall not exceed the liquid
flow capacity of the pressure-relief valves rated at test
pressure for the inner vessel. This rate shall be included
on the inner vessel nameplate.

(e) Arrangement and Location of Pressure-Relief Devices
(1) The discharge from any pressure-relief system

must be unobstructed to the outside of any protective
housing in such a manner as to prevent impingement
of gas upon the jacket or any structural part of the tank
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or operating personnel. For oxygen and flammable cryo-
genic service, the discharge must be directed upward.

(2) Each pressure-relief valve shall be arranged or
protected to prevent accumulation of foreign material
between the relief valve and the atmospheric discharge
opening in any relief piping. The arrangement must not
impede flow through the device.

(3) Each pressure-relief valve shall be designed and
located to minimize the possibility of tampering. If the
pressure setting or adjustment is external to the valve,
the valve shall be sealed.

(4) Each pressure-relief device shall have direct
communication with the vapor space of the inner vessel
at the mid length of the top centerline.

(5) Each pressure-relief device shall be installed
and located so that the cooling effect of the contents
during venting will not prevent the effective operation
of the device.

(f) Markings
(1) The flow capacity and rating shall be verified

and marked by the Manufacturer of the safety relief
valve in accordance with the requirements of Part TR.

(2) Every pressure-relief device shall be plainly and
permanently marked with the following:

(a) the pressure (bar or kPa) at which it is set to
discharge

(b) the allowable tolerance at the discharge pres-
sure for spring-loaded devices

(c) the reference temperature corresponding to
the rated pressure for frangible discs

(d) the rated flow capacity of the device in stan-
dard cubic meters of air per second (m3/s)

(e) when practicable, also the Manufacturer’s
name and relevant catalogue number shall be marked
on the pressure-relief device

(3) In addition, the markings shall comply with the
applicable requirements of the jurisdiction.

3-1.8 ASME NAMEPLATE REQUIREMENTS

All applicable nameplate and stamping requirements
of this Section shall be met. A duplicate nameplate shall
be installed on the outer jacket, if any. [See 3-1.1(b).]

3-1.9 JURISDICTIONAL MARKINGS

(a) Every portable tank must be fitted with a corro-
sion-resistant metal nameplate, in addition to the ASME
nameplate permanently attached to the portable tank
in a conspicuous place and readily accessible for inspec-
tion. Any of the following items not required to be
marked on the ASME nameplate shall be marked on
this additional nameplate by stamping or by another
equivalent method:

(1) country of manufacture
(2) UN approval

224

(3) country approval number
(4) alternative arrangements, “AA” [e.g., see

49 CFR 178.274(a)(3)]
(5) Manufacturer’s name or mark
(6) Manufacturer’s serial number
(7) Approval Agency (authorized body for the

design approval)
(8) Owner’s registration number
(9) year of manufacture
(10) pressure vessel code to which the shell is

designed
(11) test pressure: bar (psi) gauge
(12) MAWP bar (psi) gauge
(13) minimum design metal temperature

range °C (°F) to °C (°F). (For portable tanks
used for refrigerated liquefied gases, the minimum
design temperature must be marked.)

(14) water capacity at 20°C (68°F) L (ft3)
(15) water capacity of each compartment at 20°C

(68°F) L
(16) initial pressure test date and witness

identification
(17) MAWP for heating/cooling system bar

(psi) gauge
(18) shell material(s) and material standard

reference(s)
(19) equivalent thickness in reference steel

mm (in.)
(20) lining material (when applicable)
(21) date and type of most recent periodic test(s).

Month Year
(22) periodic test pressure: bar (psi) gauge
(23) stamp of approval agency that performed or

witnessed the most recent test
(24) for portable tanks used for refrigerated lique-

fied gases: Either “thermally insulated” or “vacuum
insulated”

(25) effectiveness of the insulation system (heat
influx) watts (W)

(26) reference holding time days or hours and
initial pressure bar (kPa) gauge and degree of fill-
ing in kg (lb) for each refrigerated liquefied gas
permitted for transportation

(b) The following information shall be marked either
on the portable tank itself or on a metal plate firmly
secured to the portable tank:

(1) name of the operator
(2) name of hazardous materials being transported

and maximum mean bulk temperature [except for refrig-
erated liquefied gases, the name and temperature are
only required when the maximum mean bulk tempera-
ture is higher than 50°C (122°F)]

(3) maximum permissible gross mass
(MPGM) kg

(4) unladen (tare) mass kg
(5) maximum filling rate kg/h
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(c) If a portable tank is designed and approved for
handling in open seas operations, such as offshore oil
exploration, in accordance with the IMDG Code, the
words “OFFSHORE PORTABLE TANK” shall be
marked on an identification plate.

(d) Transportation mode restrictions on the portable
tank shall be marked on both sides of the portable tank
in 10 cm (4 in.) high letters and on the nameplate.

(e) The next periodic inspection date (month and
year) shall be marked in 75 mm (3 in.) high letters near
the front, on the left-hand side of the tank.

3-1.10 OPERATION, MAINTENANCE, AND
INSPECTION

(a) Portable tanks shall be tested and inspected peri-
odically at intervals required by the Competent
Authority (e.g., see 49 CFR, Part 180, Subpart G).

As a minimum, periodic inspections shall be per-
formed at least once every 5 years and an intermediate
periodic inspection and test at least every 2.5 years fol-
lowing the initial inspection and the last 5 year periodic
inspection and test.

(1) The intermediate periodic inspection and test
shall include at least an internal and external examina-
tion of the portable tank and its fittings, a leakage test,
and a test of the satisfactory operation of all service
equipment.

(2) Portable tanks used for dedicated transporta-
tion of refrigerated liquefied gases that are not fitted
with inspection openings are exempted from the internal
inspection requirements.

(3) The periodic inspection and test shall include
those inspections and tests for the intermediate periodic
inspection, an internal (unless exempted) and external
examination and, unless exempted, a pressure test as
specified in this paragraph. The pressure test can be
either hydrostatic or pneumatic using an inert gas, to a
pressure of not less than 1.3 times the MAWP. The test
shall be performed in accordance with Part TT of this
Section. Reclosing pressure-relief devices shall be
removed from the tank and tested separately unless
they can be tested while installed on the portable tank.
Portable tanks used for the transportation of refrigerated
liquified gases are exempt from the requirements for
internal inspection and pressure test during the 5-year
periodic inspection and test, if the portable tanks were
pressure tested to a minimum test pressure 1.3 times
the MAWP using an inert gas before putting the portable
tank into service initially and after any exceptional
inspections and tests.

(4) An exceptional inspection and test is necessary
when a portable tank shows evidence of damage or
corroded areas, or leakage, or other conditions that indi-
cate a deficiency that could affect the integrity of the
portable tank.
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(a) The tank has been in an accident and has
been damaged to an extent that may adversely affect its
retention capability.

(b) The tank has been out of service for a period
of 1 year or longer.

(c) The tank has been modified from its original
design specifications (see Article TP-2).

The extent of the exceptional inspection and test shall
depend on the amount of damage or deterioration of
the portable tank. It shall include at least the inspection
and a pressure test according to 3-1.10(a)(3). Pressure
relief devices need not be tested or replaced unless there
is reason to believe the relief devices have been affected
by the damage or deterioration.

(b) The internal and external examinations shall
ensure that

(1) the shell is inspected for pitting, corrosion, abra-
sions, dents, distortions, defects in welds or any other
conditions, including leakage, that might render the por-
table tank unsafe for transportation.

(2) the piping, valves, and gaskets are inspected for
corroded areas, defects, and other conditions, including
leakage, that might render the portable tank unsafe for
filling, discharge or transportation.

(3) devices for tightening manhole covers are oper-
ative and there is no leakage at manhole covers or
gaskets.

(4) missing or loose bolts or nuts on any flanged
connection or blank flange are replaced or tightened.

(5) all emergency devices and valves are free from
corrosion, distortion, and any damage or defect that
could prevent their normal operation. Remote closure
devices and self-closing stop-valves must be operated
to demonstrate proper operation.

(6) required markings on the portable tank are legi-
ble and in accordance with the applicable requirements.

(7) the framework, the supports, and the arrange-
ments for lifting the portable tank are in satisfactory
condition.

(c) The leakage test for portable tanks used for refrig-
erated liquefied gas shall be performed at 90% of MAWP.
During each leakage test the surface of all external unin-
sulated joints under pressure during transportation
must be coated with a solution of soap and water or
other material suitable for the purpose of detecting
leaks. The pressure shall be held for a period of time
sufficiently long to assure detection of leaks, but in no
case less than 5 min. During the test, relief devices may
be removed, but all the closure fittings must be in place
and the relief device openings plugged.

(d) Inspection personnel shall be qualified as required
by Article TG-4.

(e) A portable tank that fails a prescribed test or
inspection shall be repaired and retested, or be removed
from service.
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(f) Only authorized manufacturing or repair facilities
may perform and certify repairs and alterations. If
required by the Competent Authority, the facilities per-
forming in-service testing and inspection shall be regis-
tered with the Competent Authority.
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MODAL APPENDIX 4
CATEGORY 106A500-X, 106A800-X, 110A500-W, 110A600-W,

110A800-W, 110A1000-W, AND 110A2000-W TON
CONTAINERS

4-1 SCOPE

This Modal Appendix provides the minimum require-
ments for the design, construction, and continued ser-
vice of ton containers intended to transport compressed
gases or liquids. These requirements are in addition to
all other applicable requirements of this Section. In addi-
tion, all requirements of the Competent Authority shall
be met.

Ton containers meeting the requirements of this Modal
Appendix shall be designated and stamped as T, Class 1,
in accordance with the rules of this Section.

For the purpose of this Modal Appendix, compressed
gases and liquids are defined by the Competent
Authority.

4-2 DEFINITIONS

A ton container is a cylindrical steel tank having a
water capacity of more than 680 L (181 gal) but not more
than 1 180 L (313 gal). It shall not possess stabilizing
members external to the shell, and shall be capable of
being rolled about its longitudinal axis with all openings
protected within the heads. It shall be capable of being
lifted filled with product. It shall be designed to be
loaded onto a transport vehicle or container and so
secured that it can be shipped by road, rail, or sea.

4-3 PHYSICAL SCOPE
4-3.1 Internal Pressure

Internal pressure shall be in the range from full vac-
uum to 138 bar (2,000 psig).

4-3.2 Minimum Design Metal Temperature (MDMT)

(a) For Category 106A tanks constructed of SA-285
Grade A material, the MDMT shall be −20°C (−4°F).

(b) For Category 110A tanks constructed of SA-516
Grade 70 material, the MDMT shall be −40°C (−40°F).

(c) The MDMT may be colder than −40°C (−40°F) if
marked on the nameplate and the toughness require-
ments of Part TM are met.

4-3.3 Maximum Design Temperature

The maximum design temperature shall be 65°C
(149°F).
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4-4 GENERAL REQUIREMENTS

(a) Tanks shall not be insulated.
(b) All openings, including openings for valves, shall

be in the heads. All service valves shall be protected by
a detachable protective housing that shall not project
beyond the end of the tank and shall be securely fastened
to the tank head.

(c) Each tank shall have skirts at both ends, extending
longitudinally outward from the tangent line of the head
sufficiently to protect the valve protective bonnets and
relief devices from mechanical damage. The outer end
of each skirt shall be curved radially inward so that its
diameter is at least 2 in. smaller than the outside diame-
ter of the tank.

(d) Loading and unloading valves shall be made of
metal not subject to rapid deterioration by lading and
shall withstand tank test pressure without leakage.
These valves shall be attached to one tank head. Provi-
sion shall be made for closing outlet connections of the
valves.

(e) Threads for openings shall be National Gas Taper
Threads (NGT), tapped to gage, clean cut, even, and
without checks, or other threads approved by the
Competent Authority.

(f) The use of backing rings is permitted on Category
110A tanks.1

4-5 MATERIALS

Steel plate material used to fabricate tanks must con-
form to the following specifications: SA-240/240M Type
304, 304L, 316, 316L, or 321; SA-285 Grade A, B, or C;
SA-515/515M Grade 65 or 70; or SA-516/516M Grade 70.

Charpy impact testing is not required for Category
106A500-X and 106A800-X tanks constructed of SA-285
Grade A material and 110A500-W, 110A600-W,
110A800-W, 110A1000-W, and 110A2000-W tanks con-
structed of SA-516/516M Grade 70 material.

All appurtenances, including valves, fittings, and gas-
kets, shall be made of materials compatible with the
gases and liquids to be transported.

1 For application in oxygen service, the use of backing rings
requires careful consideration of cleanliness, product drainage, and
the choice of materials of construction.
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Table 4-6.1-1 Minimum Thicknesses, Test Pressures, Start-to-Discharge or Burst Pressures,
and Minimum Vapor-Tightness Pressures of Relief Devices

Category

Requirement 106A500-X 106A800-X 110A500-W 110A600-W 110A800-W 110A1000-W 110A2000-W

Min. required bursting pressure, psig Note (1) Note (1) 1,250 1,500 2,000 2,500 5,000
Min. required bursting pressure, MPa Note (1) Note (1) 8.6 10.3 13.8 17.2 34.5
Minimum thickness, shell, in. 13⁄32

11⁄16
11⁄32

3⁄8
15⁄32

19⁄32 11⁄32

Minimum thickness, shell, mm 10.3 17.5 8.7 9.5 11.9 15.1 26.2

Test pressure, psig 500 800 500 600 800 1,000 2,000
Test pressure, MPa 3.5 5.5 3.5 4.1 5.5 6.9 13.8
Start-to-discharge or burst max., psi 375 600 375 450 600 700 1,500
Start-to-discharge or burst max., MPa 2.6 4.1 2.6 3.1 4.1 4.8 10.3
Vapor-tight, min., psig 300 480 300 360 480 650 Note (2)
Vapor-tight, min., MPa 2.1 3.3 2.1 2.5 3.3 4.5 Note (2)

NOTES:
(1) None specified.
(2) To be used only with frangible-disc devices. Vapor-tight pressure not applicable.

4-6 DESIGN REQUIREMENTS

4-6.1 Minimum Thicknesses, Test Pressures, Start-
to-Discharge or Burst Pressures, and Minimum
Vapor-Tightness Pressures of Relief Devices

See Table 4-6.1-1.

4-6.2 Thickness of Plates

(a) For Category 110A tanks, the wall thickness after
forming of the cylindrical portion of the tank shall not
be less than that specified in Table 4-6.1-1 nor less than
that calculated by the formula

t p Pd/2SE

where
d p inside diameter, mm (in.)
E p welded joint efficiency

p 1.0 for fully radiographed Type No. 1 welded
joints (see Table TW-130.4)

P p minimum required bursting pressure (from
Table 4-6.1-1), MPa (psig)

S p minimum tensile strength of plate material, MPa
(psi), as prescribed in Section II, Part D

t p minimum thickness of plate material after form-
ing, mm (in.)

(b) For Category 106A tanks, the wall thickness of the
cylindrical portion of the tank shall not be less than that
specified in Table 4-6.1-1 and shall be such that at the
tank test pressure, the maximum fiber stress in the wall
of the tank will not exceed 108.6 MPa (15,750 psi) as
calculated using the formula

S p p(1.3D2 + 0.4d2) / (D2 − d2)

where
D p outside diameter, mm (in.)

228

d p inside diameter, mm (in.)
p p tank test pressure, MPa (psig)
S p wall stress, MPa (psi)

(c) If plates are clad with material having tensile
strength at least equal to that of the base material, the
cladding may be considered to be a part of the base
material when determining the required thickness. If
cladding material does not have tensile strength at least
equal to that of the base material, the base plate material
alone shall meet the thickness requirements.

(d) Category 110A tanks shall have fusion-welded
heads formed concave to the pressure. The heads shall
be 2:1 semielliptical in form. They shall be of one piece,
and hot formed in one heating cycle so as to provide a
straight flange at least 40 mm (11⁄2 in.) in length. The
thickness shall not be less than that calculated by the
formula

t p Pd/2SE

where symbols are as defined in (a) above.
(e) Category 106A tanks shall have hot-pressure

welded (forge welded) heads, formed convex to pres-
sure. Heads for forge welding must be torispherical,
with an inside crown radius not greater than the inside
diameter of the shell and inside corner radii. They must
be one piece and hot formed in one heating cycle so as
to provide a straight flange at least 2 in. long. The wall
thickness of the heads after forming must be sufficient
to meet the test requirements of 4-9 and provide for
adequate threading of openings.

4-6.3 Welding

Longitudinal (Category A) welds on both Category
106A and Category 110A tanks shall be fusion welded
and of Type (1), (2), or (3) of Table TW-130.4. Head-to-
shell joints shall be forge welded on Category 106A
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tanks. They shall be fusion welded and of Type (1), (2),
or (3) of Table TW-130.4 on Category 110A tanks.

4-6.4 Internal Pressure Design for Division 2.1 and
2.2 Gases

Tanks intended for the transport of Division 2.1 and
2.2 gases (see 49 CFR 173.115) shall be designed for an
internal pressure not less than the vapor pressure, at
50°C (122°F), of the gases to be transported.

4-6.5 Internal Pressure Design for Division 2.3 Gases

Tanks intended for the transport of Division 2.3 gases
(see 49 CFR 173.115) shall be designed for an internal
pressure not less than the vapor pressure, at 65°C (149°F),
of the gases to be transported.

4-6.6 Vacuum Design

All tanks shall be designed and stamped for full
vacuum.

4-6.7 Fatigue Design

Specific design analysis or testing to account for pres-
sure cycling is not required for these tanks.

4-7 FABRICATION

After welding is complete, carbon steel tanks and all
appurtenances welded thereto shall be postweld heat
treated as a unit in accordance with Article TF-7.

Hot pressure welded (forge welded) joints shall be
made using a procedure conforming to the requirements
of Mandatory Appendix XIV. The heads must have a
snug drive fit into the shell for forge welding.

After welding is complete, the longitudinal weld seam
in Category 106A and 110A tanks shall be fully radio-
graphically examined. The circumferential seams of Cat-
egory 110A tanks 36 in. in diameter or greater shall
be radiographically examined; circumferential seams of
Category 110A tanks smaller than 36 in. in diameter
need not be radiographically examined. Hot pressure
welded (forge welded) circumferential weld seams of
Category 106A tanks need not be radiographically
examined.

4-8 PRESSURE RELIEF DEVICES

Unless otherwise directed by the Competent
Authority for a specific commodity, each tank shall be
provided with not less than three fusible plugs at each
end. Each fusible plug shall function at a temperature
not warmer than 79°C (175°F), and shall be vapor tight
at a temperature not colder than 54°C (130°F).

Spring-loaded relief devices are neither required nor
prohibited. If fitted, they shall meet the requirements of
the Competent Authority.

All pressure relief devices shall vent unimpeded
directly to the atmosphere. Unless prohibited by the
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Competent Authority, tanks shall be equipped with one
or more relief devices made of metal not subject to rapid
deterioration by the lading and screwed directly into
tank heads, or attached to tank heads by other methods
approved by the Competent Authority. The total dis-
charge capacity shall be sufficient to prevent building
up pressure in the tank in excess of 82.5% of the tank
test pressure. When relief devices of the fusible plug
type are used, the required discharge capacity shall be
available in each head.

Pressure relief devices shall be set for start-to-
discharge, and rupture disks shall burst at a pressure
not exceeding that shown in Table 4-6.1-1.

4-9 TESTING

After postweld heat treatment, each tank shall be sub-
jected to pressure testing in accordance with
Table 4-6.1-1.

4.10 ASME NAMEPLATE REQUIREMENTS

All applicable nameplate and stamping requirements
of this Section shall be met. In addition, the markings
required under 4-11 shall be applied.

The nameplate shall be installed in such a manner as
to avoid being damaged during normal transportation
and to avoid corrosion between the nameplate and the
tank. It shall be installed on the formed head at the
valve end of the tank in such a manner that it is accessible
for further stamping of information regarding periodic
testing as required in 4-12.

4-11 MARKINGS REQUIRED BY THE COMPETENT
AUTHORITY

In addition to the markings required by 4-10, the fol-
lowing shall be plainly and permanently stamped onto
the ASME nameplate, onto a secondary nameplate, or
onto the metal of the valve-end chime:

(a) jurisdictional specification number.
(b) material.
(c) Owner’s or builder’s identifying symbol and serial

number.
(d) Inspector’s official mark.
(e) date of original tank test (month and year; e.g.,

1-2004 for January 2004). This should be so placed that
dates of subsequent tests may be readily added.

(f) water capacity (kg and lb).
(g) tare weight (kg and lb).

4-12 OPERATION, MAINTENANCE, AND
INSPECTION

Each tank shall undergo periodic inspection and test-
ing at intervals not exceeding 5 years, consisting of the
following:
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(a) external and internal visual examination in accor-
dance with Article TT

(b) inspection of each fusible plug removed from the
tank for damage or deterioration, and replacement if
necessary

(c) hydrostatic pressure testing in accordance with
Article TT (the hydrostatic pressure test may be waived
for tanks in dedicated service for noncorrosive refriger-
ant gases)
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(d) upon completion of the periodic inspection and
test, the date of the inspection and retest and the Inspec-
tor’s mark shall be stamped onto the ASME nameplate,
onto a secondary nameplate, or onto the metal of the
valve-end skirt extension

(e) upon completion of the periodic inspection and
test, a written record shall be prepared and retained by
the Owner or user of the tank for a period of at least
15 years
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MANDATORY APPENDIX I
QUALITY CONTROL SYSTEM

I1 GENERAL

The Manufacturer, Repair, and Relief Valve
Recertification Organization shall have and maintain a
quality control system that will establish that all Code
requirements, including material, design, fabrication,
examination (by the Manufacturer, Repair, and Relief
Valve Recertification Organization), and for vessels and
vessel parts, inspection (by the Inspector), will be met.
Provided that Code requirements are suitably identified,
the system may include provisions for satisfying any
requirements by the Manufacturer, or User, which
exceed minimum Code requirements and may include
provisions for quality control of non-Code work. In such
systems, the Manufacturer of vessels or vessel parts may
make changes in parts of the system that do not affect
the Code requirements without securing acceptance by
the Inspector. Before implementation, revisions to qual-
ity control systems of Manufacturers and Assemblers of
pressure-relief valves shall have been found acceptable
to the ASME-designated organization if such revisions
affect Code requirements.

The system that the Manufacturer uses to meet the
requirements of this Section must be one suitable for
his own circumstances. The necessary scope and detail
of the system shall depend on the complexity of the
work1 performed and on the size and complexity of the
Manufacturer’s organization.2 A written description of
the system the Manufacturer will use to produce a Code
item shall be available for review. Depending upon the
circumstances, the description may be brief or
voluminous.

The written description may contain information of
a proprietary nature relating to the Manufacturers or
processes. Therefore, the Code does not require any dis-
tribution of this information except for the Inspector,
ASME Designee, or an ASME-designated organization
as covered by I15(c) and I16(c). It is intended that infor-
mation learned about the system in connection with the
evaluation will be treated as confidential and that all

1 The complexity of the work includes factors such as design
simplicity versus complexity, the types of materials and welding
procedures used, the thickness of materials, the types of nonde-
structive examinations applied, and whether heat treatments are
applied.

2 The size and complexity of the organization includes factors
such as the number of employees, the experience level of employ-
ees, the number of Code items produced, and whether the factors
defining the complexity of the work cover a wide or narrow range.
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loaned descriptions will be returned to the Manufacturer
upon completion of the evaluation.

I2 OUTLINE OF FEATURES TO BE INCLUDED IN THE
WRITTEN DESCRIPTION OF THE QUALITY
CONTROL SYSTEM

The following is a guide to some of the features that
should be covered in the written description of the
Quality Control System and that is equally applicable
to both shop and field work.

I3 AUTHORITY AND RESPONSIBILITY

The authority and responsibility of those in charge of
the Quality Control System shall be clearly established.
Persons performing quality control functions shall have
sufficient and well-defined responsibility, the authority,
and the organizational freedom to identify quality con-
trol problems and initiate, recommend, and provide
solutions.

I4 ORGANIZATION

An organization chart showing the relationships
among management and engineering, purchasing, man-
ufacturing, construction, inspection, and quality control
is required to reflect the actual organization. The pur-
pose of this chart is to identify and associate the various
organizational groups with the particular function for
which they are responsible. The Code does not intend
to encroach on the Manufacturer’s right to establish, and
from time to time, to alter, whatever form of organiza-
tion the Manufacturer considers appropriate for its Code
work.

I5 DRAWINGS, DESIGN CALCULATIONS, AND
SPECIFICATION CONTROL

The Manufacturer’s or Assembler’s Quality Control
System shall provide procedures that will ensure that
the latest applicable drawings, design calculations, spec-
ifications, and instructions required by the Code, as well
as authorized changes, are used for manufacture, exami-
nation, inspection, and testing.

I6 MATERIAL CONTROL

The Manufacturer shall include a system of receiving
control that will ensure that the material received is
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properly identified and has documentation including
required Certificates of Compliance or Material Test
Reports to satisfy Code requirements as ordered. The
required Certificates of Compliance or Material Test
Reports may be electronically transmitted from the
material Manufacturer or Supplier to the Certificate
Holder. The material control system shall ensure that
only the intended material is used in Code construction.

I7 EXAMINATION AND INSPECTION PROGRAM

The Manufacturer’s Quality Control System shall
describe the fabrication operations, including examina-
tions, sufficiently to permit the Inspector, ASME Desig-
nee, or an ASME-designated organization to determine
at what stages specific inspections are to be performed.

I8 CORRECTION OF NONCONFORMITIES

There shall be a system agreed upon with the Inspec-
tor for correction of nonconformities. A nonconformity
is any condition that does not comply with the applica-
ble rules of this Section. Nonconformities must be cor-
rected or eliminated in some way before the completed
component can be considered to comply with this
Section.

I9 WELDING

The Quality Control System shall include provisions
for indicating that welding conforms to requirements of
Section IX as supplemented by this Section. Manufactur-
ers intending to use AWS Standard Welding Procedures
shall describe control measures used to assure that weld-
ing meets the requirements of this Section and Section IX.

I10 NONDESTRUCTIVE EXAMINATION

The Quality Control System shall include provisions
for identifying nondestructive examination procedures
the Manufacturer or Assembler will apply to conform
with the requirements of this Section.

I11 HEAT TREATMENT

The Quality Control System shall provide controls to
ensure that heat treatments as required by the rules of
this Section are applied. Means shall be indicated by
which the Inspector, ASME Designee, or an ASME-des-
ignated organization can satisfy himself that these Code
heat treatment requirements are met. This may be by
review of furnace time-temperature records or by other
methods as appropriate.

I12 CALIBRATION OF MEASUREMENT AND TEST
EQUIPMENT

The Manufacturer shall have a system for the calibra-
tion of examination, measuring, and test equipment
used in fulfillment of requirements of this Section.
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I13 RECORDS RETENTION

The Manufacturer shall have a system for the mainte-
nance of radiographs and Manufacturer’s Data Reports
as required by this Section.

I14 CERTIFICATION

(a) Methods other than written signature may be used
for indicating certifications, authorizations, and approv-
als where allowed and as described elsewhere in this
Section.

(b) Where other methods are employed, controls and
safeguards must be provided and described in the Man-
ufacturer’s Quality Control System to ensure the integ-
rity of the certification, authorization, and approval.

I15 SAMPLE FORMS

The forms used in the Quality Control System and
any detailed procedures for their use shall be available
for review. The written description shall make necessary
references to these forms.

I16 INSPECTION OF VESSELS AND VESSEL PARTS

(a) Inspection of vessels and vessel parts shall be by
the Inspector as defined in Article TG-4.

(b) The written description of the Quality Control
System shall include reference to the Inspector.

(c) The Manufacturer shall make available to the
Inspector, at the Manufacturer’s plant or construction
site, a current copy of the written description of the
Quality Control System.

(d) The Manufacturer’s Quality Control System shall
provide for the Inspector at the Manufacturer’s plant to
have access to all drawings, calculations, specifications,
procedures, process sheets, repair procedures, records,
test results, and any other documents as necessary for
the Inspector to perform his duties in accordance with
this Section. The Manufacturer may provide such access
either to his own files of such documents or by providing
copies to the Inspector.

I17 INSPECTION OF PRESSURE-RELIEF VALVES

(a) Inspection of manufacturing and/or assembly of
pressure-relief valves shall be by a representative from
an ASME-designated organization as described in
TR-210.3 and TR-310.4.

(b) The written description of the Quality Control
System shall include reference to the ASME-designated
organization.
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(c) The valve Manufacturer or Assembler shall make
available to a representative from an ASME-designated
organization, at the Manufacturer’s or Assembler ’s
plant, a current copy of the written description of the
applicable Quality Control System.

(d) The valve Manufacturer’s or Assembler’s Quality
Control System shall provide for a representative from
an ASME-designated organization to have access to all

233

drawings, calculations, specifications, procedures, pro-
cess sheets, repair procedures, records, test results, and
any other documents as necessary for the ASME Desig-
nee or a representative from an ASME-designated orga-
nization to perform his duties in accordance with this
Section. The Manufacturer may provide such access
either to his own files of such documents or by providing
copies to the ASME Designee.
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MANDATORY APPENDIX II
SPECIAL COMMODITIES

(In preparation)
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MANDATORY APPENDIX III
DEFINITIONS FOR TRANSPORT TANKS

III1 INTRODUCTION

This Mandatory Appendix defines the terminology
used in this Section. Definitions relating to specific types
of transport tanks may be found in one of the Modal
Appendices.

III2 DEFINITIONS

bar: 1 bar p 100 kPa (14.5 psi).

C: Celsius or Centigrade.

cargo tank: a bulk packaging that
(a) is a tank intended primarily for the carriage of

liquids or gases and includes appurtenances, reinforce-
ments, fittings, and closures.

(b) is permanently attached to or forms a part of a
motor vehicle, or is not permanently attached to a motor
vehicle but which, by reason of its size, construction, or
attachment to a motor vehicle is loaded or unloaded
without being removed from the motor vehicle.

(c) is not fabricated under a specification for cylin-
ders, portable tanks, tank cars, or multiunit tank car
tanks.

cargo tank motor vehicle (CTMV): a motor vehicle with
one or more cargo tanks permanently attached to or
forming an integral part of the motor vehicle.

Competent Authority (CA): a national agency responsible
under its national law for the control or regulation of
a particular aspect of the transportation of hazardous
materials (dangerous goods). The Appropriate
Authority, as used in the ICAO Technical Instructions
(see Sec. 171.7), has the same meaning as Competent
Authority. For example, the U.S. Department of
Transportation’s Associate Administrator of Hazardous
Materials Safety is the Competent Authority for the
United States.

dangerous goods: substances or articles classified and sub-
ject to the United Nations Recommendations on the
Transport of Dangerous Goods: Model Regulations. Included
in this definition are hazardous materials that are subject
to the requirements of the U.S. Department of
Transportation.

DOT or Department: U.S. Department of Transportation.

F: Fahrenheit.
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fine-grain practice: a steelmaking practice that is intended
to produce a killed steel that is capable of meeting the
requirements for fine austenitic grain size.
fusible element: a nonreclosing pressure relief device that
is thermally activated and that provides protection
against excessive pressure buildup in the portable tank
developed by exposure to heat, such as from a fire.
gas: a material that has a vapor pressure greater than
300 kPa (43.5 psia) at 50°C (122°F) or is completely gas-
eous at 20°C (68°F) at a standard pressure of 101.3 kPa
(14.7 psia).
hazardous material: a substance or material that has been
determined by the Secretary of Transportation to be
capable of posing an unreasonable risk to health, safety,
and property when transported in commerce, and that
has been so designated. The term includes but is not
limited to hazardous substances, hazardous wastes,
marine pollutants, and elevated-temperature materials
as defined in CFR, Title 49.
IMO: International Maritime Organization.
intermodal container: a freight container designed and
constructed to permit it to be used interchangeably in
two or more modes of transport.
intermodal (IM) portable tank: a specific class of portable
tanks designed primarily for international intermodal
use.
international transportation: transportation

(a) between any place in the United States and any
place in a foreign country.

(b) between places in the United States through a
foreign country.

(c) between places in one or more foreign countries
through the United States.
liquid: a material, other than an elevated-temperature
material, with a melting point or initial melting point
of 20°C (68°F) or lower at a standard pressure of 101.3
kPa (14.7 psia). A viscous material for which a specific
melting point cannot be determined must be subjected
to the procedures specified in ASTM D 4359, Standard
Test Method for Determining Whether a Material is
Liquid or Solid.
mode: any of the following transportation methods: rail,
highway, air, or water.
Manufacturer: an organization in possession of an ASME
Certificate of Authorization to apply the Code Symbol
Stamp.
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relief valve recertification organization: an organization
authorized by the Competent Authority to repair or alter
relief valves (e.g., NB “VR” certificate holders).

repair organization: an organization authorized by the
Competent Authority to repair or alter transport tanks
(e.g., NB “R” certificate holders).

SCF (standard cubic foot): one cubic foot of gas measured
at 60°F and 14.7 psia.

service equipment: measuring instruments and filling, dis-
charge, venting, safety, heating, cooling, and insulating
devices.
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solid: a material that is neither a gas or a liquid.

UN: United Nations.

UN Hazard Classification: the classification of Dangerous
Goods into Classes 2 through 6 meeting the criteria of
Part 2 of the UN Recommendations on the Transport of
Dangerous Goods.

UN Recommendations: the UN Recommendations on the
Transport of Dangerous Goods: Model Regulations.
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MANDATORY APPENDIX IV
ROUNDED INDICATION CHARTS, ACCEPTANCE STANDARDS FOR
RADIOGRAPHICALLY DETERMINED ROUNDED INDICATIONS IN

WELDS

IV1 APPLICABILITY OF THESE STANDARDS

These standards are applicable to the materials per-
mitted by this Section.

IV2 TERMINOLOGY

aligned indications: a sequence of four or more rounded
indications shall be considered to be aligned when they
touch a line parallel to the length of the weld drawn
through the center of the two outer rounded indications.

rounded indications: indications with a maximum length
of three times the width or less on the radiograph. These
indications may be circular, elliptical, conical, or irregu-
lar in shape and may have tails. When evaluating the
size of an indication, the tail shall be included. The
indication may be from any imperfection in the weld,
such as porosity, slag, or tungsten.

thickness, t: thickness of the weld, excluding any allow-
able reinforcement. For a butt weld joining two members
having different thicknesses at the weld, t is the thinner
of these two thicknesses. If a full penetration weld
includes a fillet weld, the thickness of the throat of the
fillet shall be included in t.

IV3 ACCEPTANCE CRITERIA

(a) Image Density. Density within the image of the
indication may vary and is not a criterion for acceptance
or rejection.

(b) Relevant Indications. (See Table IV3 for examples.)
Only those rounded indications that exceed the follow-
ing dimensions shall be considered relevant:

(a) 1⁄10t for t less than 3.2 mm (1⁄8 in.)
(b) 0.4 mm (1⁄64 in.) for t from 3.2 mm to 6 mm (1⁄8 in.

to 1⁄4 in.), incl.
(3) 0.8 mm (1⁄32 in.) for t greater than 6 mm to 51 mm

(1⁄4 in. to 2 in.), incl.
(4) 1.6 mm (1⁄16 in.) for t greater than 51 mm (2 in.)

(c) Maximum Size of Rounded Indication. (See Table IV3
for examples.) The maximum permissible size of any
indication shall be 1⁄4t, or 4 mm (5⁄32 in.), whichever is
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smaller; except that an isolated indication separated
from an adjacent indication by 25 mm (1 in.) or more
may be 1⁄3t, or 6 mm (1⁄4 in.), whichever is less. For t
greater than 51 mm (2 in.) the maximum permissible
size of an isolated indication shall be increased to 10 mm
(3⁄8 in.).

(d) Aligned Rounded Indications. Aligned rounded indi-
cations are acceptable when the summation of the diam-
eters of the indications is less than t in a length of 12t.
See Fig. IV3-1. The length of groups of aligned rounded
indications and the spacing between the groups shall
meet the requirements of Fig. IV3-2.

(e) Spacing. The distance between adjacent rounded
indications is not a factor in determining acceptance or
rejection, except as required for isolated indications or
groups of aligned indications.

(f) Rounded Indication Charts. The rounded indications
characterized as imperfections shall not exceed that
shown in the charts. The charts in Figs. IV3-3 through
IV3-8 illustrate various types of assorted, randomly dis-
persed and clustered rounded indications for different
weld thicknesses greater than 3.2 mm (1⁄8 in.). These
charts represent the maximum acceptable concentration
limits for rounded indications. The charts for each thick-
ness range represent full-scale 152 mm (6 in.) radio-
graphs, and shall not be enlarged or reduced. The
distributions shown are not necessarily the patterns that
may appear on the radiograph, but are typical of the
concentration and size of indications permitted.

(g) Weld Thickness, t, Less Than 3.2 mm (1⁄8 in.). For t less
than 3.2 mm (1⁄8 in.), the maximum number of rounded
indications shall not exceed 12 in a 152 mm (6 in.) length
of weld. A proportionally fewer number of indications
shall be permitted in welds less than 152 mm (6 in.) in
length.

(h) Clustered Indications. The illustrations for clustered
indications show up to four times as many indications
in a local area, as that shown in the illustrations for
random indications. The length of an acceptable cluster
shall not exceed the lesser of 25 mm (1 in.) or 2t. Where
more than one cluster is present, the sum of the lengths
of the clusters shall not exceed 25 mm (1 in.) in a 152 mm
(6 in.) length weld.
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Table IV3 Acceptable Rounded Indications

SI Units

Maximum Size of
Acceptable Rounded Maximum Size of

Indication, mmThickness t, Nonrelevant
mm Random Isolated Indication, mm

Less than 3 1⁄4t 1⁄3t 1⁄10t
3 0.79 1.07 0.38
5 1.19 1.60 0.38
6 1.60 2.11 0.38

8 1.98 2.64 0.79
10 2.31 3.18 0.79
11 2.77 3.71 0.79
13 3.18 4.27 0.79

14 3.61 4.78 0.79
16 3.96 5.33 0.79
17 3.96 5.84 0.79

19.0 to 50, incl. 3.96 6.35 0.79
Over 50 3.96 9.53 1.60

U.S. Customary Units

Maximum Size of
Acceptable Rounded Maximum Size of

Indication, in.Thickness t, Nonrelevant
in. Random Isolated Indication, in.

Less than 1⁄8
1⁄4t 1⁄3t 1⁄10t

1⁄8 0.031 0.042 0.015
3⁄16 0.047 0.063 0.015

1⁄4 0.063 0.083 0.015

5⁄16 0.078 0.104 0.031
3⁄8 0.091 0.125 0.031

7⁄16 0.109 0.146 0.031
1⁄2 0.125 0.168 0.031

9⁄16 0.142 0.188 0.031
5⁄8 0.156 0.210 0.031

11⁄16 0.156 0.230 0.031

3⁄4 to 2, incl. 0.156 0.250 0.031
Over 2 0.156 0.375 0.063

GENERAL NOTE: This table contains examples only.
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Fig. IV3-3 Charts for t Equal to 3.2 mm to 6.4 mm (1⁄8 in. to 1⁄4 in.), Inclusive

25 mm (1 in.)

(c) Cluster

25 mm (1 in.)

(a) Random Rounded Indications [See Note (1)]

Typical concentration and size permitted in any 152 mm (6 in.) length of weld.
Maximum size per Table IV3.

NOTES:
(1)
(2)

(b) Isolated Indication [See Note (2)]

Fig. IV3-4 Charts for t Over 6.4 mm to 9.5 mm (1⁄4 in. to 3⁄8 in.), Inclusive

(c) Cluster

25 mm (1 in.)25 mm (1 in.)

(a) Random Rounded Indications [See Note (1)]

Typical concentration and size permitted in any 152 mm (6 in.) length of weld.
Maximum size per Table IV3.

NOTES:
(1)
(2)

(b) Isolated Indication [See Note (2)]
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Fig. IV3-5 Charts for t Over 9.5 mm to 19 mm (3⁄8 in. to 3⁄4 in.), Inclusive

(c) Cluster

25 mm (1 in.)25 mm (1 in.)

(a) Random Rounded Indications [See Note (1)]

Typical concentration and size permitted in any 152 mm (6 in.) length of weld.
Maximum size per Table IV3.

NOTES:
(1)
(2)

(b) Isolated Indication [See Note (2)]
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Fig. IV3-6 Charts for t Over 19 mm to 50 mm (3⁄4 in. to 2 in.), Inclusive

(c) Cluster

25 mm (1 in.)25 mm (1 in.)

(a) Random Rounded Indications [See Note (1)]

Typical concentration and size permitted in any 152 mm (6 in.) length of weld.
Maximum size per Table IV3.

NOTES:
(1)
(2)

(b) Isolated Indication [See Note (2)]
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Fig. IV3-7 Charts for t Over 50 mm to 100 mm (2 in. to 4 in.), Inclusive

(c) Cluster

25 mm (1 in.)25 mm (1 in.)

(a) Random Rounded Indications [See Note (1)]

Typical concentration and size permitted in any 152 mm (6 in.) length of weld.
Maximum size per Table IV3.

NOTES:
(1)
(2)

(b) Isolated Indication [See Note (2)]
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Fig. IV3-8 Charts for t Over 100 mm (4 in.)

(a) Random Rounded Indications [See Note (1)]

Typical concentration and size permitted in any 152 mm (6 in.) length of weld.
Maximum size per Table IV3.

NOTES:
(1)
(2)

(b) Isolated Indication [See Note (2)] (c) Cluster

25 mm (1 in.)25 mm (1 in.)
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MANDATORY APPENDIX V
METHODS FOR MAGNETIC PARTICLE EXAMINATION (MT)

V1 SCOPE

(a) This Appendix provides for procedures that shall
be followed whenever magnetic particle examination is
specified in this Section.

(b) Article 7 of Section V shall be applied for the
detail requirements in methods and procedures, and the
additional requirements specified within this Appendix.

(c) Magnetic particle examination shall be performed
in accordance with a written procedure, certified by the
Manufacturer to be in accordance with the requirements
of T-150 of Section V.

V2 CERTIFICATION OF COMPETENCY FOR
NONDESTRUCTIVE EXAMINATION PERSONNEL

The Manufacturer shall certify that each magnetic par-
ticle examiner meets the following requirements:

(a) He has vision, with correction if necessary, to
enable him to read a Jaeger Type No. 2 Standard Chart
at a distance of not less than 305 mm (12 in.), and is
capable of distinguishing and differentiating contrast
between colors used. These requirements shall be
checked annually.

(b) He is competent in the techniques of the magnetic
particle examination method for which he is certified,
including making the examination and interpreting and
evaluating the results, except that where the examina-
tion method consists of more than one operation, he
may be certified as being qualified only for one or more
of these operations.

V3 EVALUATION OF INDICATIONS

Indications will be revealed by retention of magnetic
particles. All such indications are not necessarily imper-
fections; however, since excessive surface roughness,
magnetic permeability variations (such as at the edge
of heat-affected zones), etc., may produce similar indica-
tions. An indication of an imperfection may be larger
than the imperfection that causes it; however, the size
of the indication is the basis for acceptance evaluation.
Only indications that have any dimension greater than
1.5 mm (1⁄16 in.) shall be considered relevant.

(a) A linear indication is one having a length greater
than three times the width.

(b) A rounded indication is one of circular or elliptical
shape with a length equal to or less than three times its
width.
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(c) Any questionable or doubtful indications shall be
reexamined to determine whether or not they are
relevant.

V4 ACCEPTANCE STANDARDS

These acceptance standards shall apply unless other
more restrictive standards are specified for specific
materials or applications within this Section.

All surfaces to be examined shall be free of
(a) relevant linear indications
(b) relevant rounded indications greater than 5 mm

(3⁄16 in.)
(c) four or more relevant rounded indications in a line

separated by 1.5 mm (1⁄16 in.) or less, edge to edge

V5 REPAIR REQUIREMENTS

The defect shall be removed or reduced to an imperfec-
tion of acceptable size. Whenever an imperfection is
removed by chipping or grinding and subsequent repair
by welding is not required, the excavated area shall be
blended into the surrounding surface so as to avoid
sharp notches, crevices, or corners. Where welding is
required after removal of an imperfection, the area shall
be cleaned and welding performed in accordance with
a qualified welding procedure.

(a) Treatment of Indications Believed Nonrelevant. Any
indication that is believed to be nonrelevant shall be
regarded as an imperfection unless it is shown by reex-
amination by the same method or by the use of other
nondestructive methods and/or by surface conditioning
that no unacceptable imperfection is present.

(b) Examination of Areas From Which Imperfections Have
Been Removed. After a defect is thought to have been
removed and prior to making weld repairs, the area
shall be examined by suitable methods to ensure it has
been removed or reduced to an acceptably sized
imperfection.

(c) Reexamination of Repair Areas. After repairs have
been made, the repaired area shall be blended into the
surrounding surface so as to avoid sharp notches, crev-
ices, or corners and reexamined by the magnetic particle
method and by all other methods of examination that
were originally required for the affected area, except
that, when the depth of repair is less than the radio-
graphic sensitivity required, reradiography may be
omitted.
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MANDATORY APPENDIX VI
METHODS FOR LIQUID-PENETRANT EXAMINATION (PT)

VI1 SCOPE

(a) This Mandatory Appendix describes methods that
shall be employed whenever liquid-penetrant
examination is specified in this Section.1

(b) Article 6 of Section V shall be applied for detail
requirements in methods, procedures, and qualifica-
tions, unless specified within this Appendix.

(c) Liquid-penetrant examination shall be performed
in accordance with a written procedure, certified by the
Manufacturer to be in accordance with the requirements
of T-150 of Section V.

VI2 CERTIFICATION OF COMPETENCY OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

The manufacturer shall certify that each liquid-
penetrant examiner meets the following requirements:

(a) He has vision, with correction if necessary, to
enable him to read a Jaeger Type No. 2 Standard Chart
at a distance of not less than 12 in. (305 mm), and is
capable of distinguishing and differentiating contrast
between colors used. These requirements shall be
checked annually.

(b) He is competent in the techniques of the liquid-
penetrant examination method for which he is certified,
including making the examination and interpreting and
evaluating the results, except that, where the examina-
tion method consists of more than one operation, he
may be certified as being qualified only for one or more
of these operations.

VI3 EVALUATION OF INDICATIONS

An indication of an imperfection may be larger than
the imperfection that causes it; however, the size of the
indication is the basis for acceptance evaluation. Only
indications with major dimensions greater than 1.5 mm
(1⁄16 in.) shall be considered relevant.

(a) A linear indication is one having a length greater
than three times the width.

(b) A rounded indication is one of circular or elliptical
shape with the length equal to or less than three times
the width.

1 Satisfactory application of this method of examination requires
special skills in the techniques involved and in interpreting the
results. The requirements specified herein presume application by
suitably experienced personnel.
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(c) Any questionable or doubtful indications shall be
reexamined to determine whether or not they are
relevant.

VI4 ACCEPTANCE STANDARDS

These acceptance standards shall apply unless other
more restrictive standards are specified for specific
materials or applications within this Section.
All surfaces to be examined shall be free of

(a) relevant linear indications
(b) relevant rounded indications greater than 5 mm

(3⁄16 in.)
(c) four or more relevant rounded indications in a line

separated by 1.5 mm (1⁄16 in.) or less (edge to edge)

VI5 REPAIR REQUIREMENTS

Unacceptable imperfections shall be repaired and
reexamination made to assure removal or reduction to
an acceptable size. Whenever an imperfection is repaired
by chipping or grinding and subsequent repair by weld-
ing is not required, the excavated area shall be blended
into the surrounding surface so as to avoid sharp
notches, crevices, or corners. Where welding is required
after repair of an imperfection, the area shall be cleaned
and welding performed in accordance with a qualified
welding procedure.

(a) Treatment of Indications Believed Nonrelevant. Any
indication that is believed to be nonrelevant shall be
regarded as an imperfection unless it is shown by reex-
amination by the same method or by the use of other
nondestructive methods and/or by surface conditioning
that no unacceptable imperfection is present.

(b) Examination of Areas From Which Defects Have Been
Removed. After a defect is thought to have been removed
and prior to making weld repairs, the area shall be exam-
ined by suitable methods to ensure it has been removed
or reduced to an acceptably sized imperfection.

(c) Reexamination of Repair Areas. After repairs have
been made, the repaired area shall be blended into the
surrounding surface so as to avoid sharp notches, crev-
ices, or corners and reexamined by the liquid-penetrant
method and by all other methods of examination that
were originally required for the affected area, except
that, when the depth of repair is less than the radio-
graphic sensitivity required, reradiography may be
omitted.
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MANDATORY APPENDIX VII
SUBMITTAL OF TECHNICAL INQUIRIES TO

THE BOILER AND PRESSURE VESSEL COMMITTEE

VII1 INTRODUCTION

(a) This Appendix provides guidance to Code users
for submitting technical inquiries to the Committee. See
Guideline on the Approval of New Materials Under the
ASME Boiler and Pressure Vessel Code in Section II,
Parts C and D for additional requirements for requests
involving adding new materials to the Code. Technical
inquiries include requests for revisions or additions to
the Code rules, requests for Code Cases, and requests
for Code interpretations, as described below.

(1) Code Revisions. Code revisions are considered
to accommodate technological developments, address
administrative requirements, incorporate Code Cases,
or to clarify Code intent.

(2) Code Cases. Code Cases represent alternatives
or additions to existing Code rules. Code Cases are writ-
ten as a question and reply, and are usually intended
to be incorporated into the Code at a later date. When
used, Code Cases prescribe mandatory requirements in
the same sense as the text of the Code. However, users
are cautioned that not all jurisdictions or owners auto-
matically accept Code Cases. The most common applica-
tions for Code Cases are:

(a) to permit early implementation of an
approved Code revision based on an urgent need

(b) to permit the use of a new material for Code
construction

(c) to gain experience with new materials or
alternative rules prior to incorporation directly into
the Code

(3) Code Interpretations. Code Interpretations pro-
vide clarification of the meaning of existing rules in
the Code, and are also presented in question and reply
format. Interpretations do not introduce new require-
ments. In cases where existing Code text does not fully
convey the meaning that was intended, and revision of
the rules is required to support an interpretation, an
Intent Interpretation will be issued and the Code will
be revised.

(b) The Code rules, Code Cases, and Code Interpreta-
tions established by the Committee are not to be consid-
ered as approving, recommending, certifying, or
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endorsing any proprietary or specific design, or as lim-
iting in any way the freedom of manufacturers, construc-
tors, or owners to choose any method of design or any
form of construction that conforms to the Code rules.

(c) Inquiries that do not comply with the provisions
of this Appendix or that do not provide sufficient infor-
mation for the Committee’s full understanding may
result in the request being returned to the inquirer with
no action.

VII2 INQUIRY FORMAT

Submittals to the Committee shall include
(a) Purpose. Specify one of the following:

(1) revision of present Code rule
(2) new or additional Code rule
(3) Code Case
(4) Code interpretation

(b) Background. Provide the information needed for
the Committee’s understanding of the inquiry, being
sure to include reference to the applicable Code Section,
Division, Edition, Addenda (if applicable), paragraphs,
figures, and tables. Preferably, provide a copy of the
specific referenced portions of the Code.

(c) Presentations. The inquirer may desire or be asked
to attend a meeting of the Committee to make a formal
presentation or to answer questions from the Committee
members with regard to the inquiry. Attendance at a
Committee meeting shall be at the expense of the
inquirer. The inquirer’s attendance or lack of attendance
at a meeting shall not be a basis for acceptance or rejec-
tion of the inquiry by the Committee.

VII3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions shall provide
the following:

(a) Proposed Revision(s) or Addition(s). For revisions,
identify the rules of the Code that require revision and
submit a copy of the appropriate rules as they appear
in the Code marked up with the proposed revision. For
additions, provide the recommended wording refer-
enced to the existing Code rules.

(b) Statement of Need. Provide a brief explanation of
the need for the revision(s) or addition(s).

(10)
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(c) Background Information. Provide background infor-
mation to support the revision(s) or addition(s) includ-
ing any data or changes in technology that form the
basis for the request that will allow the Committee to
adequately evaluate the proposed revision or addition.
Sketches, tables, figures, and graphs should be submit-
ted as appropriate. When applicable, identify any perti-
nent paragraph in the Code that would be affected by
the revision or addition and identify paragraphs in the
Code that reference the paragraphs that are to be revised
or added.

VII4 CODE CASES

Requests for Code Cases shall provide a Statement
of Need and Background Information similar to that
defined in VII3(b) and VII3(c), respectively, for Code
revisions or additions. The urgency of the Code Case
(e.g., project underway or imminent, new procedure,
etc.) must be defined and it must be confirmed that the
request is in connection with equipment that will be
ASME stamped, with the exception of Section XI appli-
cations. The proposed Code Case should identify the
Code Section and Division, and be written as a Question
and a Reply in the same format as existing Code Cases.
Requests for Code Cases should also indicate the appli-
cable Code Editions and Addenda (if applicable) to
which the proposed Code Case applies.

VII5 CODE INTERPRETATIONS

(a) Requests for Code interpretations shall provide
the following:

(1) Inquiry. Provide a condensed and precise ques-
tion, omitting superfluous background information and,
when possible, composed in such a way that a “yes” or
a “no” Reply, with brief provisos if needed, is acceptable.
The question should be technically and editorially
correct.

(2) Reply. Provide a proposed Reply that will clearly
and concisely answer the Inquiry question. Preferably,
the Reply should be “yes” or “no,” with brief provisos
if needed.

249

(3) Background Information. Provide any back-
ground information that will assist the Committee in
understanding the proposed Inquiry and Reply.

(b) Requests for Code Interpretations must be limited
to an interpretation of a particular requirement in the
Code or a Code Case. The Committee cannot consider
consulting type requests such as the following:

(1) a review of calculations, design drawings, weld-
ing qualifications, or descriptions of equipment or parts
to determine compliance with Code requirements;

(2) a request for assistance in performing any Code-
prescribed functions relating to, but not limited to, mate-
rial selection, designs, calculations, fabrication, inspec-
tion, pressure testing, or installation;

(3) a request seeking the rationale for Code
requirements.

VII6 SUBMITTALS

Submittals to and responses from the Committee shall
meet the following:

(a) Submittal. Inquiries from Code users shall be in
English and preferably be submitted in typewritten
form; however, legible handwritten inquiries will also
be considered. They shall include the name, address,
telephone number, fax number, and e-mail address, if
available, of the inquirer and be mailed to the following
address:

Secretary, ASME Boiler and Pressure Vessel
Committee

The American Society of Mechanical Engineers
Three Park Avenue
New York, NY 10016-5990

As an alternative, inquiries may be submitted via
e-mail to: SecretaryBPV@asme.org.

(b) Response. The Secretary of the ASME Boiler and
Pressure Vessel Committee or of the appropriate
Subcommittee shall acknowledge receipt of each prop-
erly prepared inquiry and shall provide a written
response to the inquirer upon completion of the
requested action by the Code Committee.
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MANDATORY APPENDIX VIII
LOW PRESSURE TANK DESIGN

VIII1 SCOPE

This Mandatory Appendix provides requirements for
transport tanks with design pressures and temperatures
less than 1.03 bar (15 psi) and 260°C (500°F) for tanks
of circular and noncircular cross section.

VIII2 DESIGN REQUIREMENTS

(a) General. The loads and operating conditions for
low pressure transport tanks shall be as specified in
the appropriate modal appendix applicable to the tank
service. The operating conditions to be checked in design
will always include one in which the tank is fully loaded
under maximum internal pressure supported as a static
object by its normal underpinnings. Design stresses shall
be as specified in Section II, Part D. These rules apply
when the tank cross sectional area divided by the prod-
uct of tank perimeter times minimum shell thickness is
between 3 and 120 for aluminum and 5 and 160 for steel.
Configurations of tank shapes shall be limited to ratios
of maximum width (height) to minimum height (width)
no greater than 2.5. Design for defined incident loadings
is covered in the applicable modal appendix.

(b) Nomenclature. The terms not defined here are
uniquely defined in the sections in which they are
first used.

A p tank cross sectional area
a p half of tank minor overall dimension (for

example, half minor diameter of an ellip-
tical tank)

B1 p effective shell breadth where shell is in ten-
sion and baffle is in compression (50ts each
side of stiffener)

B2 p effective breadth where shell is in compres-
sion and baffle is in tension (20ts on each side
of stiffener)

b p half of tank major overall dimension (for
example, half of major diameter of an ellip-
tical tank)

cn p moment coefficient for circumferential shell
moment at location n

Fb p membrane force in bottom of tank
Fs p membrane force in side of tank
H p effective height of baffle where baffle is in

compression and shell is in tension; H p
80K1tb
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h p effective height of baffle where baffle is in
tension and shell is in compression h p
120K1tb

I1 p section moment of inertia where shell is in
tension

I2 p section moment of inertia when shell is in
compression

k p ratio of corner radius of rectangular or
bulged tank to half of minor overall dimen-
sion, k p r/a

K1 p effective height factor for baffle material;
K1 p 1.67 for steel and 1.00 for aluminum

La p head radius of curvature in short direction
(minimum)

Lb p head radius of curvature in long direction
(maximum)

Ltrib p tributary tank length associated with a par-
ticular shell/stiffener combination

Mn p circumferential bending moment in tank at
location n

n p location of bending moment on a non-
circular tank shell as noted on Fig. VIII2-2

P p design pressure at bottom of tank including
static head of contents

r p corner radius of rectangular type tank with
rounded corners

Sa p head stress in short direction (maximum)
Sb p head stress in long direction (minimum)
tb p baffle thickness less corrosion allowance
th p head thickness less corrosion allowance
ts p tank shell thickness less corrosion allowance
X p neutral axis distance from shell where shell

is in tension
x p neutral axis distance from shell where shell

is in compression
Z1b p section modulus of baffle where shell is in

tension
Z1s p section modulus of shell where shell is in

tension
Z2b p section modulus of baffle where shell is in

compression
Z2s p section modulus of shell where shell is in

compression

(c) Design Pressure. For cylindrical tanks and heads for
cylindrical transport tanks, the internal pressure design
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Fig. VIII2-1 Types of Tanks: Design Moments and Bending Stresses

Use elliptical coefficients.
MAWP

P

a
b

Elliptical

Use obround coefficients.
MAWP

P

a
b

Obround

Use rectangular with radius
 corner coefficients.

(a)

Use elliptical coefficients.
MAWP

P

a
b

Multi-Circular Tanks

a
b

(d)

Use elliptical tank coefficients
 using atop/b for top moment and
 (atop � abot)/2b for bottom and side
 moments.

MAWP

P

Double Elliptical Tanks(e)

Design as Case 3(c) with a and b factored
 down by the ratio of bulged tank area to
 rectangle. Tank area with the same a and 
 b to the 0.5 power. Use design pressure 
 based on the full tank depth.

MAWP

P

Bulged Rectangle Radius Corner Tank(f)

(b)

a
b

MAWP

P

Rectangular With Radius Corners(c)

r � ka

r � ka

R1

a1

a2

b

R2

formulae shall be those of such tanks subject to pressures
over 15 psi as noted in Articles TD-3 and TD-5. For
noncylindrical transport tanks, the pressure design for-
mulae shall be as specified in Figs. VIII2-1, VIII2-2, and
VIII2-3 of this Appendix and will apply to loads tribu-
tary to the heads, bulkheads, stiffeners, or internal baf-
fles installed in the tanks. The membrane stresses due
to pressure are taken by the tank shell, and the bending
moments are taken by a portion of the shell acting in
conjunction with baffles, bulkheads, heads, and internal
or external stiffeners to form a girder [see (d) below].
The longitudinal stresses due to internal pressure and
bending between supports in noncylindrical tanks are
assumed to be membrane stresses alone. The design
pressure for the tank shall be the MAWP plus the static
head at the bottom of the tank. The hydrostatic test
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pressure for the tank shall be 1.50 times the design pres-
sure. The maximum spacing of heads, bulkheads, stiffen-
ers, and baffles for any noncylindrical tank shall not
exceed 1 500 mm (60 in.). The following weld joint effi-
ciencies shall be permitted:

(1) For longitudinal shell welds within 6 times the
shell thickness of calculated circumferential bending
moment points, use 70% of the allowable weld design
stress. For aluminum, the allowable design stress at
welds is for the O temper.

(2) For circumferential welds, the lower of 70% or
the O temper allowable stress shall be used. For noncy-
lindrical vessels, the head stresses are as follows: in the
short direction, Sa p P/[th(l/La + La/Lb

2)], and in the
long direction, Sb p SaLa/Lb.

(10)
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Fig. VIII2-2 Bending Moments in Noncircular Shells

a
b

a
b

Ellipse Obround Rectangle With

Rounded Corners

a
b

r � ka

C1C1

C1

C1

C1

C1

C3

C5
C4

C2C2C2C2C2
C2

Shape Coefficient a/b p 1.0 a/b p 0.9 a/b p 0.8 a/b p 0.7 a/b p 0.6 a/b p 0.5 a/b p 0.4

Ellipse c1 0 −0.097 −0.133 −0.237 −0.391 −0.629 −1.049
Ellipse c2 0 0.060 0.148 0.283 0.498 0.870 1.576

Obround c1 0 −0.072 −0.166 −0.293 −0.476 −0.759 −1.247

Obround c2 0 0.045 0.116 0.227 0.413 0.741 1.378

Rectangle k p 1.0 c1 −0.050 −0.123 −0.218 −0.347 −0.534 −0.824 −1.323

Rectangle k p 1.0 c2 −0.050 −0.005 0.064 0.173 0.355 0.676 1.302

Rectangle k p 1.0 c3 −0.030 0.015 0.084 0.193 0.375 0.696 1.322
Rectangle k p 1.0 c4 −0.030 −0.074 −0.116 −0.150 −0.159 −0.104 0.122
Rectangle k p 1.0 c5 0.036 0.062 0.118 0.218 0.393 0.709 1.331

Rectangle k p 0.6 c1 −0.091 −0.164 −0.261 −0.393 −0.584 −0.880 −1.390

Rectangle k p 0.6 c2 −0.091 −0.047 0.020 0.127 0.305 0.620 1.235

Rectangle k p 0.6 c3 −0.011 0.033 0.100 0.207 0.385 0.700 1.315
Rectangle k p 0.6 c4 −0.011 −0.034 −0.050 −0.050 −0.015 0.100 0.415
Rectangle k p 0.6 c5 0.088 0.116 0.168 0.262 0.468 0.734 1.340

Rectangle k p 0.4 c1 −0.124 −0.198 −0.296 −0.431 −0.625 −0.928 −1.449

Rectangle k p 0.4 c2 −0.124 −0.081 −0.015 0.090 0.264 0.572 1.176
Rectangle k p 0.4 c3 0.056 0.099 0.165 0.270 0.444 0.752 1.356
Rectangle k p 0.4 c4 0.056 0.055 0.065 0.098 0.177 0.352 0.756
Rectangle k p 0.4 c5 0.156 0.187 0.241 0.335 0.498 0.796 1.390

Rectangle k p 0.2 c1 −0.149 −0.224 −0.324 −0.460 −0.659 −0.968 −1.499

Rectangle k p 0.2 c2 −0.149 −0.107 −0.042 0.060 0.230 0.532 1.126
Rectangle k p 0.2 c3 0.171 0.213 0.278 0.380 0.550 0.852 1.446
Rectangle k p 0.2 c4 0.171 0.191 0.228 0.294 0.417 0.652 1.146
Rectangle k p 0.2 c5 0.237 0.273 0.332 0.427 0.591 0.886 1.473

Rectangle k p 0.0 c1 −0.167 −0.243 −0.344 −0.483 −0.685 −1.000 −1.542

Rectangle k p 0.0 c2 −0.167 −0.126 −0.063 0.037 0.204 0.500 1.083
Rectangle k p 0.0 c3 0.333 0.374 0.438 0.537 0.704 1.000 1.583

Rectangle k p 0.0 c4, c5 0.333 0.374 0.438 0.537 0.704 1.000 1.583

GENERAL NOTES:
(a) Maximum values are underlined.
(b) Moment at point n is Mn p Cna2PLtrib, where Cn is a coefficient from Fig. VIII2-2 and P is the design pressure (at bottom of tank).
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Fig. VIII2-3 Noncircular Cargo Tank Structural Properties

MAWP

L1

ts
tb

L2

Cross Section

H or h

B1 or B2

b
a

Elevation

Heads or baffles

Heads

Tributary Lengths:

Stiffener Diagram

For end head Ltrib � L2/2

Pb Ltrib

Pa Ltrib

Mbot

Mside

GENERAL NOTE: For a typical noncircular tank with an interior baffle (elliptical as an example), the
stresses are determined as follows:

(a) Membrane stress:

(b) Bending stress:

Smbot � Pa/ts (tension)    Smside � Pb/ts (tension)

Sbsbot � Mbsbot/Z1s (shell tension)    Sbbbot � Mbot/Z1b (baffle compression)

Sbsside � Mside/Z2s (shell compression)    Sbbside � Mside/Z2b (baffle tension)

(c) Combine membrane and bending stresses to obtain total stress.

For interior Ltrib � (L1 � L2)/2

P

a
b

L1/2 L2/2 L2/2L1/2

For heads of low pressure tanks, the knuckle radius
shall be the greater of 12.7 mm (0.5 in.) or 3 times the
nominal thickness of the plate from which the head was
formed. Stuffed (inserted) heads and baffles are allowed
and may be attached to shells with a suitable fillet weld.
Notwithstanding the rules and procedures outlined
above, the thicknesses of tank shells, heads, bulkheads,
and baffles shall not be lower than indicated in the
applicable modal appendix for the particular tank
specification.

(d) Shell and Stiffener Properties. Shell and stiffener
properties shall be determined by the following proce-
dures and are illustrated in Fig. VIII2-4:

(1) A shell/baffle combination acts as a girder in
bending with section properties determined by whether
the shell is in tension or compression due to bending
moment using values noted in (b) above.

(2) A shell/stiffener combination has section prop-
erties calculated with the stiffener and associated shell
as an effective tee section using an effective breadth
beyond the stiffener of 20ts on each side where the shell
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is in compression and 50ts on each side where the shell
is in tension. The effective baffle depth is given in
Fig. VIII2-4 for where the baffle is in compression or
tension.

(3) For membrane stresses use Pa/ts for top and
bottom and Pb/ts for sides, both in tension.

(e) Openings. Openings in low pressure cylindrical
transport tanks shall be reinforced as required for pres-
sure tanks taking into consideration the lower pressures.
Noncylindrical transport tanks shall have openings
located preferably outside the effective shell width on
each side of baffles, bulkheads, or stiffeners (stiffening
elements) used in determining the section properties for
circumferential tank wall stresses. The openings need
not be reinforced unless the tributary membrane stress
calculated by deducting the shell cut away by the open-
ing from the shell tributary to the stiffening element
exceeds the allowable stress for the shell material.

(f) Special Design Details. Pressure retaining heads and
bulkheads in low pressure transport tanks can be
inserted into the tank shell and fillet welded from one
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Fig. VIII2-4 Noncircular Tank

L1

tb

ts

tn

L2

50ts

50ts

ts

B1

B2

tb

H

(a) Where bending moment causes compression in the baffle, use the following effective stiffener section:

a � (minimum diameter)/2
b � (maximum diameter)/2
R � radius of cylinder tank of same 
     circumference as noncircular tank

a

R

b

20ts

20ts

ts

tb

h

(b) Where bending moment causes tension in the baffle, use the following effective stiffener section:

(c) For end heads, effective breadth is half that of interior locations. Tributary length for ends is L2/2 and
     for interior is (L1 � L2)/2

(d) For heads or internal bulkheads, membrane stress due to pressure should be added algebraically to
     baffle stress. Bending moment varies around shell from positive to negative with 4 areas of high
     moment and 4 areas of low moment.

Zone of low moment
Shell

Bending moment curve

(�) MOM

(�) MOM

x � h2tb /[2(B2ts � htb)]

effective breadth � 40ts
I2 � B2tsx2 � htb   h2

 � ( h  � x)2

Z2s � I2/x
Z2b � I2/(h � x)

effective breadth � 100ts

I1 � B1tsX 2 � Htb   H2

 � ( H  � X)2

X � H2tb /[2(B1ts � Htb)]

Z1b � I1/(H � X)

Z1s � I1/X

End head
Bulkhead, baffle,
   or stiffener

12 2

12 2
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side, and each such pressure retaining part may have a
formed flange providing a faying surface to the shell.
The single fillet weld shall be made on the end of the
formed flange. Heads, bulkheads, baffles, and nonpres-
sure retaining elements can be installed without formed
flanges but such tanks shall require an annual inspection
of the shell welds to them to verify their integrity if
made from one side only. Circumferential shell welds
in noncircular tanks with shell plates running longitudi-
nally shall be staggered so that no more than one-third of
the circumference of the tank contains a circumferential
weld seam located within 8 times the thickness longitu-
dinally of another circumferential weld seam. The one-
third circumference containing a weld seam need not
be continuous but may be made up of several sections
spaced at least 100 times the shell thickness apart
circumferentially.

(g) Proof Testing. Proof testing of low pressure trans-
port tanks, in accordance with Part TT, is permitted if
not calculable by the rules in this Appendix.

(h) Minimum Thickness Requirements. Minimum thick-
ness requirements are stated in the applicable Modal
Appendices.

VIII3 FABRICATION AND WELDING

(a) Piping, Valves, Openings, and Covers. Piping, valves,
openings, and covers shall be designed to meet their
individual pressure requirements. Piping shall be sup-
ported at intervals not exceeding 24 times the pipe diam-
eter. Access openings and covers shall be designed for
resisting 36 psig test pressures and can also be designed
to withstand defined incident loads at the option of the
manufacturer.

(b) Fabrication Requirements. Low pressure transport
tanks shall be fabricated using practices applicable to
pressure tanks under the applicable modal appendix.
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Welding procedures shall be qualified, and materials
and weld filler metal shall be as required for pressure
tanks under the applicable modal appendix. Since non-
circular tanks have significant shell bending stresses that
differ markedly at different points on the tank circumfer-
ence, longitudinal shell welds in those tanks shall be
located in areas where shell bending stresses are less
than 50% of maximum, and welds made from one side
shall be made so that side is the one subject to compres-
sive flexural stresses. Forming of materials shall be done
to avoid sharp blows, peening type deformations, and
excessive work hardening of local areas. Knuckle inside
radii shall be more than 3 times the original plate thick-
ness before forming. Where heat-treated material is fab-
ricated into tanks, the forming, assembly, and welding
processes utilized shall be as required elsewhere in this
Code for the particular materials used.

(c) Inspection Requirements. Low pressure transport
tanks shall be considered as Class 3 vessels per TG-430
and are subject to inspection by manufacturers, tank
owners, and inspection agencies to a level commensu-
rate with the service expected of the tank and the public
danger associated with the tank contents escaping or
reacting with the outside atmosphere.

(d) Safety Devices. All low pressure transport tanks
shall have relief devices to assure that design pressures
are not exceeded in the transport condition as well as
in the loading and unloading conditions.

(e) Examination Requirements. All examinations of low
pressure transport tanks shall be in accordance with
Part TE and any additional requirements of the applica-
ble modal appendix.

(f) Pressure Test Requirements. Low pressure transport
tanks shall be pressure tested according to the test
requirements of Article TT-2 and the additional require-
ments of the applicable modal appendix.
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MANDATORY APPENDIX IX
ULTRASONIC EXAMINATION OF WELDS (UT)

IX1 SCOPE

(a) This Appendix describes methods that shall be
employed when ultrasonic examination of welds is spec-
ified in this Section.

(b) Article 5 of Section V shall be applied for detail
requirements in methods, procedures, and qualifica-
tions, unless otherwise specified in this Appendix.

(c) Ultrasonic examination shall be performed in
accordance with a written procedure, certified by the
Manufacturer to be in accordance with the requirements
of T-150 of Section V.

IX2 CERTIFICATION OF COMPETENCE OF
NONDESTRUCTIVE EXAMINER

The Manufacturer shall certify that personnel per-
forming and evaluating ultrasonic examinations
required by this Section have been qualified and certified
in accordance with their employer’s written practice.
SNT-TC-1A1 shall be used as a guideline for employers
to establish their written practice for qualification and
certification of their personnel. Alternatively, the ASNT
Central Certification Program (ACCP)1 or CP-1891 may
be used to fulfill the examination and demonstration
requirements of SNT-TC-1A and the Employer’s written
practice. Provisions for training, experience, qualifica-
tion, and certification of NDE personnel shall be
described in the Manufacturer’s Quality Control System
(see Mandatory Appendix I).

IX3 ACCEPTANCE/REJECTION STANDARDS

These standards shall apply unless other standards
are specified for specific applications within this Section.

1 Recommended Practice No. SNT-TC-1A, “Personnel Qualifica-
tion and Certification in Nondestructive Testing,” ACCP, ASNT
Central Certification Program, and CP-189 are published by the
American Society for Nondestructive Testing, Inc., 1711 Arlingate
Lane, P.O. Box 28518, Columbus, OH 43228-0518.
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Imperfections that produce a response greater than
20% of the reference level shall be investigated to the
extent that the operator can determine the shape, iden-
tity, and location of all such imperfections and evaluate
them in terms of the acceptance standards given in
IX3(a) and (b).

(a) Indications characterized as cracks, lack of fusion,
or incomplete penetration are unacceptable regardless
of length.

(b) Other imperfections are unacceptable if the indica-
tions exceed the reference level amplitude and have
lengths that exceed

(1) 6 mm (1⁄4 in.) for t up to 19 mm (3⁄4 in.)
(2) 1⁄3t for t from 19 mm (3⁄4 in.) to 57 mm (21⁄4 in.)
(3) 19 mm (3⁄4 in.) for t over 57 mm (21⁄4 in.)

where t is the thickness of the weld excluding any allow-
able reinforcement. For a butt weld joining two members
having different thicknesses at the weld, t is the thinner
of these two thicknesses. If a full-penetration weld
includes a fillet weld, the thickness of the throat of the
fillet shall be included in t.

IX4 REPORT OF EXAMINATION

The Manufacturer shall prepare a report of the ultra-
sonic examination and a copy of this report shall be
retained by the Manufacturer until the Manufacturer’s
Data Report has been signed by the Inspector. The report
shall contain the information required by Section V. In
addition, a record of repaired areas shall be noted as
well as the results of the reexamination of the repaired
areas. The Manufacturer shall also maintain a record of
all reflections from uncorrected areas having responses
that exceed 50% of the reference level. This record shall
locate each area, response level, dimensions, depth
below the surface, and classification.
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MANDATORY APPENDIX X
EXAMINATION OF STEEL CASTINGS

X1 SCOPE

This Mandatory Appendix covers examination
requirements that shall be observed for all steel castings
to which a 100% quality factor is to be applied in accor-
dance with TM-190(a)(5). Except for fluids defined in
TW-100.1(a), steel castings made to an accepted stan-
dard, such as ASME B16.5, are not required to comply
with the provisions of this Appendix (see Table TG-130.)

X2 EXAMINATION TECHNIQUES

Examination techniques shall be carried out in accor-
dance with the following:

(a) Magnetic particle examinations shall be per
Mandatory Appendix V, except that acceptance stan-
dards shall be as given in X3(a)(3) of this Appendix.

(b) Liquid-penetrant examinations shall be per
Mandatory Appendix VI, except that acceptance stan-
dards shall be as given in X3(a)(4) of this Appendix.

(c) Radiographic examinations shall be per Article 2
of Section V with acceptance standards as given in
X3(a)(1) or X3(b)(3) of this Appendix.

(1) A written radiographic examination procedure
is not required. Demonstration of density and penetram-
eter image requirements on production or technique
radiographs shall be considered satisfactory evidence of
compliance with Article 2 of Section V.

(2) The requirements of T-285 of Article 2, Section
V are to be used only as a guide. Final acceptance of
radiographs shall be based on the ability to see the pre-
scribed penetrameter image and the specified hole or
the designated wire or a wire penetrameter.

(d) Ultrasonic examinations shall be per Article 5 of
Section V with acceptance standards as given in X3(b)(3)
of this Appendix.

X3 EXAMINATION REQUIREMENTS

All steel castings shall be examined in accordance
with X3(a) or (b) as applicable.

(a) All castings having a maximum body thickness
less than 114 mm (41⁄2 in.) shall be examined as follows:
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(1) All critical sections1 shall be radiographed. For
castings having radiographed thicknesses up to 50 mm
(2 in.), the radiographs shall be compared to those in
ASTM E 446, Standard Reference Radiographs for Steel
Castings Up to 50 mm (2 in.) in Thickness. The maximum
acceptable severity levels for imperfections shall be as
specified as follows:

Maximum Severity Level

Thicknesses Thicknesses
Imperfection Category < 1 in. 1 in. to < 2 in.

A — Gas porosity 1 2
B — Sand and slag 2 3
C — Shrinkage (four types) 1 3
D — Cracks 0 0
E — Hot tears 0 0
F — Inserts 0 0
G — Mottling 0 0

For castings having radiographed thicknesses from
50 mm to 114 mm (2 in. to 41⁄2 in.), the radiographs shall
be compared to those in ASTM E 186, Standard Reference
Radiographs for Heavy-Walled [50 mm to 114 mm (2 in. to
41⁄2 in.)] Steel Castings. The maximum acceptable severity
levels for imperfections shall be as follows:

Imperfection Category Maximum Severity Level

A — Gas porosity 2
B — Sand and slag inclusions 2
C — Shrinkage

Type 1 1
Type 2 2
Type 3 3

D — Cracks 0
E — Hot tear 0
F — Inserts 0

(2) All surfaces including machined gasket seating
surfaces shall be examined by the magnetic particle or
the liquid-penetrant method. When the casting specifi-
cation requires heat treatment, these examinations shall
be conducted after that heat treatment.

1 Critical sections: For static castings, the sections where imperfec-
tions are usually encountered are abrupt changes in section and
at the junctions of risers, gates, or feeders to the casting. For centrif-
ugal castings, critical sections shall be interpreted to be any abrupt
changes of section, the circumference for a distance of at least 3 in.
(75 mm) from each end, and one additional circumferential band
at least 3 in. (75 mm) wide and including the area of the most
severe indication detected by other examination methods.
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(3) Surface indications determined by magnetic
particle examination shall be compared with those indi-
cated in ASTM E 125, Standard Reference Photographs for
Magnetic Particle Indications on Ferrous Castings, and shall
be removed if they exceed the following limits:

Type Degree

I. Linear discontinuities All
(hot tears and cracks)

II. Shrinkage 2
III. Inclusions 3
IV. Chills and chaplets 1
V. Porosity 1

(4) Surface indications determined by liquid-
penetrant examination are unacceptable if they exceed
the following limits:

(a) all cracks and hot tears
(b) any group of more than six linear indications

other than those in X3(a) in any rectangular area of
38 mm � 150 mm (11⁄2 in. � 6 in.) or less, or any circular
area having a diameter of 89 mm (31⁄2 in.) or less, these
areas being taken in the most unfavorable location rela-
tive to the indications being evaluated

(c) other linear indications more than 6 mm
(1⁄4 in.) long for thicknesses up to 19 mm (3⁄4 in.) inclusive,
more than one-third of the thickness in length for thick-
nesses from 19 mm to 57 mm (3⁄4 in. to 21⁄4 in.), and more
than 19 mm (3⁄4 in.) long for thicknesses over 57 mm
(21⁄4 in.) (aligned acceptable imperfections separated
from one another by a distance equal to the length of
the longer imperfection are acceptable)

(d) all indications of nonlinear imperfections that
have any dimension exceeding 5 mm (3⁄16 in.)

(5) When more than one casting of a particular
design is produced, each of the first five shall be exam-
ined to the full extent prescribed herein. When more
than five castings are being produced, examinations as
prescribed shall be performed on the first five and on
one additional casting for each additional five castings
produced. If any of these additional castings proves to
be unacceptable, each of the remaining four castings of
that group shall be examined fully.

(b) All castings having maximum body thickness
114 mm (41⁄2 in.) and greater and castings of lesser thick-
ness that are intended for severe service applications2

shall be examined as follows:
(1) Each casting shall be subjected to 100% visual

examination and to complete surface examination by
either the magnetic particle or the liquid-penetrant
method. When the casting specification requires heat

2 The Code as currently written provides minimum requirements
for construction, and it is recognized to be the responsibility of
the designing engineer to determine when the intended service is
of a nature that requires supplementary requirements to ensure
safety; consequently, the designer should determine when the ser-
vice warrants that this class of inspection be specified for steel
castings of less than 100 mm (4 in.) nominal body thickness.
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treatment, these examinations shall be conducted after
that heat treatment. Acceptability limits for surface
imperfections shall be as given in X3(a)(3) and (a)(4).

(2) All parts of castings up to 300 mm (12 in.) in
thickness shall be subjected to radiographic examination
and the radiographs compared to those given in ASTM
E 280, Standard Reference Radiographs for Heavy-Walled
[114 mm to 300 mm (41⁄2 in. to 12 in.)] Steel Castings. The
maximum acceptable severity levels for imperfections
shall be as follows:

Imperfection Category Maximum Severity Level

A — Gas porosity 2
B — Sand and slag inclusions 2
C — Shrinkage

Type 1 2
Type 2 2
Type 3 2

D — Cracks 0
E — Hot tears 0
F — Inserts 0

(3) For castings having a maximum thickness in
excess of 300 mm (12 in.), all thicknesses that are less
than 300 mm (12 in.) shall be examined radiographically
in accordance with the preceding paragraph. All parts
of such castings having thicknesses in excess of 300 mm
(12 in.) shall be examined ultrasonically in accordance
with Article 5 of Section V. Any imperfections that do
not produce indications exceeding 20% of the straight
beam back reflection or do not reduce the height of
the back reflection by more than 30% during a total
movement of the transducer of 50 mm (2 in.) in any
direction shall be considered acceptable. Imperfections
exceeding these limits shall be repaired unless proved
to be acceptable by other examination methods.

X4 REPAIRS

(a) Whenever an imperfection is repaired, the exca-
vated areas shall be examined by the magnetic particle
or liquid-penetrant method to ensure it has been
removed or reduced to an acceptable size.

(b) Whenever a surface imperfection is repaired by
removing less than 5% of the intended thickness of metal
at that location, welding need not be employed in mak-
ing repairs. Where this is the case, the excavated area
shall be blended into the surrounding surface so as to
avoid any sharp contours.

(c) Castings of nonweldable materials (see TM-150.1)
that contain imperfections in excess of acceptable limits
as given in X3 shall be rejected.

(d) For any type of defect, if the repair will entail
removal of more than 75% of the thickness or a length
in any direction of 150 mm (6 in.) or more, approval of
the purchaser of the casting shall be obtained prior to
making repairs.
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(e) The finished surface of all repair welds shall be
examined by the magnetic particle or liquid-penetrant
method. When subsequent heat treatment is required,
this examination of the repaired area shall be conducted
after heat treatment.

(f) Except as provided in X4(f)(1) and (2), all weld
repairs shall be examined by radiography.

(1) Where the depth of repair is less than 25 mm
(1 in.) or 20% of the section thickness, whichever is
the lesser, and where the repaired section cannot be
radiographed effectively, the first layer of each 6 mm
(1⁄4 in.) thickness of deposited weld metal shall be exam-
ined by the magnetic particle or the liquid-penetrant
method.

(2) Weld repairs that are made as a result of ultra-
sonic examination shall be reexamined by the same
method when completed.

(g) When repair welding is done after the casting has
been heat treated and when required by either the rules
of this Section or the requirements of the casting specifi-
cation, the repaired casting shall be postweld heat
treated.
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(h) All welding shall be performed using procedure
qualifications in accordance with Section IX. The proce-
dure qualification shall be performed on a test specimen
of the same P-Number and same group as the production
casting. The test specimen shall be subjected to the same
heat treatment both before and after welding as will
be applied to the production casting. All welders and
operators performing this welding shall be qualified in
accordance with Section IX.

X5 IDENTIFICATION AND MARKING

Each casting shall be marked with the Manufacturer’s
name and casting identification, including the applica-
ble casting quality factor and material identification. The
Manufacturer shall furnish reports of the chemical and
mechanical properties and certification that each casting
conforms to all applicable requirements of this
Appendix. The certification for castings for lethal service
shall indicate the nature, location, and extent of any
repairs.
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MANDATORY APPENDIX XI
ADHESIVE ATTACHMENT OF NAMEPLATES

XI1 SCOPE

The rules in this Appendix cover minimum require-
ments for the use of adhesive systems for the attachment
of nameplates, limited to

(a) the use of pressure-sensitive acrylic adhesives
which have been preapplied by the nameplate manufac-
turer to a nominal thickness of at least 0.13 mm (0.005 in.)
and which are protected with a moisture-stable liner

(b) use for vessels with design temperatures within
the range of −40°C to 149°C (−40°F to 300°F), inclusive

(c) application to clean, bare metal surfaces, with
attention being given to removal of antiweld spatter
compound that may contain silicone

(d) use of prequalified application procedures as out-
lined in XI2

(e) use of the preapplied adhesive within an interval
of 2 years after adhesive application

XI2 NAMEPLATE APPLICATION PROCEDURE
QUALIFICATION

(a) The Manufacturer’s Quality Control System (see
TG-320) shall define that written procedures, acceptable
to the Inspector, for the application of adhesive-backed
nameplates shall be prepared and qualified.

(b) The application procedure qualification shall
include the following essential variables, using the adhe-
sive and nameplate Manufacturers’ recommendations
where applicable:

(1) description of the pressure-sensitive acrylic
adhesive system employed, including generic
composition.
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(2) the qualified temperature range [the cold box
test temperature shall be −40°C (−40°F) for all
applications].

(3) materials of nameplate and substrate when the
mean coefficient of expansion at design temperature of
one material is less than 85% of that for the other
material.

(4) finish of the nameplate and substrate surfaces.
(5) the nominal thickness and modulus of elasticity

at application temperature of the nameplate when
nameplate preforming is employed. A change of more
than 25% in the quantity [(nameplate nominal thickness)
� nameplate modulus of elasticity at application tem-
perature] will require requalification.

(6) the qualified range of preformed nameplate and
companion substrate contour combinations when pre-
forming is employed.

(7) cleaning requirements for the substrate.
(8) application temperature range and application

pressure technique.
(9) application steps and safeguards.

(c) Each procedure used for nameplate attachment
by pressure-sensitive acrylic adhesive systems shall be
qualified for outdoor exposure in accordance with
Standard UL-969, Marking and Labeling Systems, with
the following additional requirements (see TG-130):

(1) Width of nameplate test strip shall be not less
than 25 mm (1 in.).

(2) Nameplates shall have an average adhesion of
not less than 1.4 N/mm (8 lb/in.) of width after all
exposure conditions, including low temperature.

(d) Any change in XI2(b) shall require requalification.
(e) Each lot or package of nameplates shall be identi-

fied with the adhesive application date.
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MANDATORY APPENDIX XII
STANDARD UNITS FOR USE IN EQUATIONS

Table XII Standard Units for Use in Equations

Quantity U.S. Customary Units SI Units

Linear dimensions (e.g., length, height, thickness, radius, diameter) inches (in.) millimeters (mm)
Area square inches (in.2) square millimeters (mm2)
Volume cubic inches (in.3) cubic millimeters (mm3)
Section modulus cubic inches (in.3) cubic millimeters (mm3)
Moment of inertia of section inches4 (in.4) millimeters4 (mm4)
Mass (weight) pounds mass (lbm) kilograms (kg)
Force (load) pounds force (lbf) newtons (N)
Bending moment inch-pounds (in.-lb) newton-millimeters (N·mm)
Pressure, stress, stress intensity, and modulus of elasticity pounds per square inch (psi) megapascals (MPa)
Energy (e.g., Charpy impact values) foot-pounds (ft-lb) joules (J)
Temperature degrees Fahrenheit (°F) degrees Celsius (°C)
Absolute temperature Rankine (R) kelvin (K)
Fracture toughness ksi square root inches (ksi�in.) MPa square root meters (MPa�m)
Angle degrees or radians degrees or radians
Boiler capacity Btu/hr watts (W)
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MANDATORY APPENDIX XIII
REFERENCE MATERIAL AND EQUIVALENT THICKNESS

XIII1 INTRODUCTION

The equivalent thickness shall be calculated using
Method A or Method B, depending on how the mini-
mum thickness is specified by the Competent Authority.
If the value of v is not specified, use v p 0.3.

XIII2 METHOD A

The required minimum equivalent thickness shall be
calculated as follows:

(SI Units)

e1 p
1 300eo

3�Pm1Rm1A1

(U.S. Customary Units)

e1 p
35,896eo

3�Pm1Rm1A1

where
A1 p specified minimum elongation at fracture of

the material to be used, in accordance with
the applicable national or international stan-
dard, %

E1 p modulus of elasticity of the actual material to
be used, MPa (psi)

e1 p required minimum thickness of the actual
material to be used, mm (in.)

eo p minimum required thickness of the Reference
Material specified, mm (in.)

Pm1 p E1 (1/v1)2 / [(1/v1)2 − 1]
Rm1 p specified minimum tensile strength of the

actual material to be used, MPa (psi). Where
a minimum and maximum are specified for
tensile strength in specifications, the actual
value indicated in the material test results
may be used up to the maximum allowed by
the specifications.

v1 p Poisson’s ratio of the actual material to be
used

The thicknesses e0 and e1 shall be exclusive of any
allowances for chemical or physical actions that can
influence the thicknesses, e.g., corrosion, erosion, and
forming (thinning).

NOTE: For hazardous materials tanks for which a minimum refer-
ence material thickness of 8 mm (0.315 in.) or higher is specified
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by Competent Authorities or Modal Appendices, the required
thickness is based on a shell diameter of 1.8 m. When the shell has
a diameter of more than 1.8 m, the equivalent minimum thickness
obtained from the conversion formulas shall be multiplied by
d1 / 1.8, where d1 is the actual diameter of the shell in meters but
not less than 1.8 m, to obtain the minimum required thickness.

XIII2.1 Example 1

Specified minimum thickness is 6 mm in Reference
Material. What is the required thickness for SA-240 Type
304 material?

e0 p 6 mm (0.236 in.)
Rm1 p 515 MPa (75,000 psi) from Section II, Part A,

for SA-240 Type 304
A1 p 40%
E1 p 190 344.8 MPa (27.6 � 106 psi)
v1 p 0.305

(SI Units)

Pm1 p

190 344.8� 1
0.305�

2

� 1
0.305�

2

− 1

p 209 868 MPa

e1 p
1 300 (6)

3�(209 868) (515) (40)
p 4.79 mm

(U.S. Customary Units)

Pm1 p

27.6 � 106 � 1
0.305�

2

� 1
0.305�

2

− 1

p 30.43 � 106 psi

e1 p
35,896 (0.236)

3�(30.43 � 106) (75,000) (40)
p 0.188 in.

XIII2.2 Example 2

Specified minimum thickness is 3 mm in Reference
Material (e0 p 3 mm p 0.118 in.). What is the required
minimum thickness for SB-209 6061-T6?

From Section II, Part B, SB-209 alloy 6061 is heat treat-
able. Therefore, Rm1 p 290 MPa (42,000 psi) and A1 p
35% if the welded vessel is heat treated to T6 temper.
If the welded vessel is not heat treated to T6 temper,
Rm1 p 207 MPa (30,000 psi) and A1 p 16%, which are
the values for O temper. E1 p 68 965.5 MPa (10 � 106 psi)
and v1 p 0.332.



2010 SECTION XII

For a welded vessel heat treated to T6 temper:

(SI Units)

Pm1 p

68 965.5� 1
0.332�

2

� 1
0.332�

2

− 1

p 77 509 MPa

e1 p
1 300 (3)

3�(77 509) (290) (35)
p 4.22 mm

(U.S. Customary Units)

Pm1 p 77,509 � 145 p 11.238805 � 106 psi

e1 p
35,896 (0.118)

3�(11.238805 � 106) (42,000) (35)
p 0.166 in.

For a welded vessel not heat treated to T6 temper:

(SI Units)

e1 p
1 300 (3)

3�(77 509) (207) (16)
p 6.14 mm

(U.S. Customary Units)

e1 p
35,896 (0.118)

3�(11.238805 � 106) (30,000) (16)
p 0.242 in.

XIII3 METHOD B, EQUIVALENT THICKNESS

Where a material and its minimum required thickness
are specified, the minimum required thickness of any
other material shall be calculated as follows:

e1 p es �PmsRmsAs

Pm1Rm1A1�
1/3
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where
A1 p specified minimum elongation at fracture of

the material to be used, in accordance with
the applicable national or international
standard, %

As p specified minimum elongation at fracture of
the specified material, in accordance with the
applicable national or international
standard, %

E1 p modulus of elasticity of material to be used,
MPa (psi)

Es p modulus of elasticity of specified material,
MPa (psi)

e1 p required minimum thickness of the actual
material to be used, mm (in.)

es p minimum required thickness of the specified
material, mm (in.)

Pm1 p E1 (1/v1)2 / [(1/v1)2 − 1]
Pms p Es (1/vs)2 / [(1/vs)2 − 1]
Rm1 p specified minimum tensile strength of the

actual material to be used, in accordance with
the applicable national or international stan-
dard, MPa (psi).

Rms p specified minimum tensile strength of the
specified material, in accordance with the
applicable national or international standard,
MPa (psi). Where a minimum and maximum
are specified for tensile strength in specifica-
tions, the actual value indicated in the mate-
rial test results may be used up to the
maximum allowed by the specifications.

v1 p Poisson’s ratio of material to be used
vs p Poisson’s ratio of specified material

The thicknesses eo and e1 shall be exclusive of any
allowances for chemical or physical actions that can
influence the thicknesses, e.g., corrosion, erosion, and
forming (thinning).
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MANDATORY APPENDIX XIV
HOT PRESSURE WELDED JOINT FOR HEAD-TO-SHELL WELDS OF

TON CONTAINERS

XIV1 GENERAL

The ton container and its head and shell are described
in Modal Appendix 4. The head-to-shell weld of a ton
container that is made using hot pressure welding (com-
mercially known as forge welding) shall meet the follow-
ing requirements in addition to the requirements of
Modal Appendix 4.

XIV2 DESIGN

The heads shall be convex to the pressure. They shall
be torispherical, with an inside radius not greater than
the inside diameter of the shell. They shall be made of
one piece and hot formed so as to provide a straight
flange at least 2 in. in length. The thickness of the heads
after forming shall be not less than 11⁄16 in., nor greater
than 7⁄8 in. The heads shall fit snugly when inserted into
the shell.

XIV3 MATERIALS

The material for the shell and heads of the container
shall be ASME SA-285 Grade A steel.

XIV4 FABRICATION

The head and shell surfaces to be joined shall be
cleaned before assembly as required by the WPS. Before
hot pressure welding, the head and shell shall be joined
at the open-end interface of the head and shell with an
intermittent or continuous weld made by arc welding,
following a WPS that has been qualified in accordance
with ASME Section IX. Electric induction shall be used
to heat the assembled head and shell in the region where
the hot pressure weld is to be made to between 1 260°C
(2,300°F) and 1 340°C (2,450°F). The container shall be
rotated during the entire heating and forging operation.
Pressure welding and crimping of each head as shown
in Modal Appendix 4 shall be accomplished by rolling
of the joint between pressure rollers in one continuous
heating and forming cycle. The straight flanges of the
heads shall be crimped radially inward at least 1 in.
toward the centerline of the container during forming.
The completed weld shall be allowed to cool in still air.
The completed vessel shall be heat treated at 1,150°F ±
50°F for 1 hr.
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The combined thickness of each weld after forge weld-
ing shall be an average of 15⁄16 in. ± 1⁄8 in. around the
circumference.

XIV5 ESSENTIAL VARIABLES FOR PROCEDURE
QUALIFICATION

The welding procedure qualification test shall be a
lap joint configuration that duplicates the joint configu-
ration to be used in production. Requalification of the
WPS is required if the production joint exceeds the fol-
lowing from that qualified:

(a) a change in thickness of either member greater
than 10%

(b) an increase in the gap between parts prior to
forging

(c) a change in the overlap length of the parts greater
than 10%

(d) a change in the starting diameter of either cylinder
greater than 10%

(e) a decrease in the percentage of reduction in the
thickness of the sum of the members being joined by
more than 10%

(f) a decrease in the length of the forged portion of
the joint (i.e., upset length)

(g) the deletion, or reduction in the frequency or
length, of tack welding of parts prior to forging

(h) addition, deletion, or a change in the nature of
the atmosphere around the parts being joined (air, inert
gas, reducing gas, etc.) during welding

(i) a change in the type or model of the welding equip-
ment, in the major dimensions of the parts used for
forging, or in the method of applying forging force
(mechanical, hydraulic, etc.)

(j) deletion of PWHT

XIV6 PROCEDURE QUALIFICATION TESTING

The test coupon shall consist of a head and shell pro-
duction part that has been heat treated. The joint shall
be assembled and welded as described in XIV4. Two
specimens of the weld approximately 2 in. wide, cut
transverse to the weld length, shall be removed at four
locations approximately 90 deg apart around the joint.

(a) One sample from each location shall be polished
and etched to reveal the bond line. The bond line shall
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be free of cracks and shall be of a length such that when
the measured cumulative lengths of lack of bond and
slag are subtracted, at least 11⁄4 in. of cumulative bonding
exists. The length of the bond line shall be recorded and
any flaws observed shall be characterized, measured,
and reported.

(b) The remaining four samples shall be wedged open
at one end and a cold chisel inserted into the opening.
The chisel shall be hammered into the opening in an
attempt to separate the members along the bond line.
If the members fail along the bond line, the test shall
be considered to have been failed.
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XIV7 WELDING OPERATOR QUALIFICATION

A welding operator who welds a procedure qualifica-
tion test coupon that passes the testing required by XIV6
is qualified to operate the type or model of welding
equipment and the method of applying forging force
(mechanical, hydraulic, etc.) used during the test. Other
welding operators shall weld a test coupon as required
by XIV6. The coupon shall be tested as required by
XIV6(b). A successful test shall qualify that operator to
operate the type or model of welding equipment and
the method of applying forging force (mechanical,
hydraulic, etc.) used during the test.
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MANDATORY APPENDIX XV
RULES FOR MASS PRODUCTION OF PRESSURE VESSELS

(In preparation)
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MANDATORY APPENDIX XVI
LOCAL THIN AREAS IN CYLINDRICAL SHELLS AND IN

SPHERICAL SEGMENTS OF SHELLS

XVI1 SCOPE

The rules of this Appendix permit acceptable local
thin areas (LTAs) in cylindrical shells or spherical seg-
ments of shells (such as spherical vessel, hemispherical
heads, and the spherical portion of torispherical and
ellipsoidal heads) under internal pressure to be less than
the thickness required by TD-100.1. Local thin areas on
the inside or outside of cylindrical shells or spherical
segments of shells designed for internal pressure are
acceptable, provided they meet the requirements in this
Appendix.

XVI2 GENERAL REQUIREMENTS

(a) The Manufacturer shall maintain records of the
calculations and the location and extent of all LTAs that
are evaluated using this Appendix, and provide such
information to the purchaser, User, or the User’s desig-
nated agent if requested. This information shall be docu-
mented in the design calculations made to meet the
requirements of this Appendix.

(b) The provisions of this Appendix do not apply to
corrosion-resistant linings or overlays.

(c) All other applicable requirements of this Section
shall be met.

XVI3 NOMENCLATURE

C p projected circumferential length of LTA in a
cylindrical shell, in.

D p per TD-310
DL p maximum dimension of LTA in a spherical

segment, in.
L p projected axial length of LTA in a cylindrical

shell, in.
LTA p local thin area

R p inside radius for cylindrical shell or spherical
segment

t p required thickness per Article TD-3, but not
less than thickness requirements of
TD-100.1, in.

tL p minimum thickness of LTA, in.
� p see Fig. XVI3-1
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XVI4 SINGLE LOCAL THIN AREAS IN CYLINDRICAL
SHELLS

(a) Single LTA shall satisfy the following equations:

tL

t
≥ 0.9 (1)

L ≤ �Rt (2)

C ≤ 2�Rt (3)

t − tL ≤ 3⁄16 in. (4)

(b) Any edge of an LTA shall not be closer than 2.5
�Rt from a structural discontinuity such as a head or
stiffener.

(c) For openings meeting TD-600.3(c), the minimum
axial distance between the edge of the LTA and the
center of the opening shall be equal to or greater than
the inside diameter of the opening plus �Rt.

(d) For openings not meeting TD-600.3(c), the mini-
mum axial distance between the edge of the LTA and
the reinforcement limit of the opening shall be equal to
or greater than �Rt.

(e) The blend between the LTA and the thicker surface
shall be with a taper length not less than three times
the LTA depth, as shown in Fig. XVI3-1, sketch (b).
The minimum bottom blend radius shall be equal to or
greater than two times the LTA depth, as shown in
Fig. XVI3-1, sketch (b).

(f) The longitudinal stresses on the LTA from mechan-
ical loads other than internal pressure shall not
exceed 0.3S.

(g) The thickness at the LTA shall meet the require-
ments of TD-400 as applicable.

XVI5 MULTIPLE LOCAL THIN AREAS IN
CYLINDRICAL SHELLS

(a) A pair of local areas with finished axial length, L1
and L2 [see Fig. XVI3-1, sketch (c)] are acceptable if the
individual LTA satisfies the requirements of XVI4 and
one of the following two conditions is met:

(1) When � ≤ 45 deg, the minimum axial separation
[see Fig. XVI3-1, sketch (c)] shall be the greater of

�1.0 + 1.5 cos ���L1 + L2�
2

or 2t

(10)
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Fig. XVI3-1 Nomenclature
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(2) When � > 45 deg, both of the following shall
be met:

(a) The minimum axial separation shall be equal
to or greater than

2.91 cos � �L1 + L2�
2

(b) The minimum circumferential separation
shall be equal to or greater than 2t.

(b) Multiple pairs of LTA are acceptable, provided all
pairs meet the rules of a single pair specified in (a) above.

(c) Multiple local thin areas may be combined as a
single LTA. The resultant single LTA is acceptable if it
satisfies the rules of XVI4.

XVI6 SINGLE LOCAL THIN AREAS IN SPHERICAL
SEGMENTS OF SHELLS

(a) The single LTA shall satisfy the following
equations:

tL

t
≥ 0.9 (5)

DL ≤ �Rt (6)

t − tL ≤ 3⁄16 in. (7)

(b) For openings meeting TD-600.3(c), the minimum
distance between the edge of the LTA and the center of
the opening shall be equal to or greater than the inside
diameter of the opening plus �Rt.

(c) For openings not meeting TD-600.3(c), the mini-
mum distance between the edge of the LTA and the
reinforcement limit of the opening shall be equal to or
greater than �Rt.

(d) The edges of an LTA shall not be closer than
2.5�Rt from a structural discontinuity.

(e) A constant thickness junction between head and
cylindrical shell is not considered to be a structural dis-
continuity for LTA rules.
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(f) The blend between the LTA and the thicker surface
shall be with a taper length not less than three times
the LTA depth. The minimum bottom blend radius shall
be equal to or greater than two times the LTA depth. The
blend requirements are shown in Fig. XVI3-1, sketch (b).

(g) The LTA for a torispherical head must lie entirely
within the spherical portion of the head. See Fig. XVI6-1.

(h) The LTA for an ellipsoidal head must lie entirely
within a circle, the center of which coincides with the
axis of the vessel and the diameter of which is equal to
80% of the shell inside diameter. See Fig. XVI6-2.

(i) The LTA for a hemispherical head is acceptable
within any portion of the head, except as limited by (d)
above. See Fig. XVI6-3.

(j) The thickness at the LTA shall meet the require-
ments of TD-310, as applicable.

(k) The provisions of this Appendix do not apply to
the torus portion of either a torispherical or ellipsoidal
head, to flat heads, or to conical heads.

XVI7 MULTIPLE LOCAL THIN AREAS IN SPHERICAL
SEGMENTS OF SHELLS

(a) Multiple LTAs may be combined and evaluated
as a single LTA. The encompassed areas of the combined
LTAs shall be within the DL dimension.

(b) Each LTA in the encompassed area shall meet the
rules of XVI6.

(c) Multiple LTAs may be treated as single LTAs, pro-
vided their edges are no closer than 2.5�Rt.

XVI8 DATA REPORTS

When all the requirements of this Section and supple-
mental requirements of this Appendix have been met,
the following notation shall be entered on the Manufac-
turer’s Data Report under Remarks: “Constructed in
Conformance With Appendix XVI, Local Thin Areas in
Cylindrical Shells and in Spherical Segments of Shells.”
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Fig. XVI6-1 Limits for Torispherical Head

Fig. XVI6-2 Limits for Ellipsoidal Head

Fig. XVI6-3 Limits for Hemispherical Head
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NONMANDATORY APPENDIX A
SUGGESTED GOOD PRACTICE REGARDING PIPING REACTIONS

AND DESIGN OF SUPPORTS AND ATTACHMENTS

A1

A vessel supported in a vertical or horizontal position
will have concentrated loads imposed on the shell in
the region where the supports are attached. Primary and
secondary stresses due to other loadings, such as the
weight of water present for hydrostatic test, may exceed
that due to normal internal pressure. Calculations to
resist forces involved are not given here because they
involve many variables depending upon the size and
weight of vessels, temperature of service, internal pres-
sure, arrangement of the supporting structure, and pip-
ing attached to the vessel as installed.

A2

The details of supports should conform to good struc-
tural practice, bearing in mind the following items (see
Manual for Steel Construction, latest edition, by the
American Institute of Steel Construction):

(a) All supports should be designed to prevent exces-
sive localized stresses due to temperature changes in
the vessel or deformations produced by the internal
pressure.

(b) External stays in ring girders, or any internal fram-
ing that may support other internal parts may also exert
stiffening effect on the shell.

(c) Columns supporting vessels and bearing loads,
which may produce high secondary stresses in the vessel
wall should be so designed at the attachment to the wall
that no high-stress concentration can occur near changes
in shape, gusset plates if any, or at ends of attachment
welds. It is preferable to use details permitting continu-
ous welds extending completely around periphery of
the attachment and to avoid intermittent or deadend
welds at which there may be local stress concentrations.
A thicker wall plate at the support may serve to reduce
secondary stresses and, if desired, a complete ring of
thicker wall plates may be installed.

(d) When superimposed forces on the vessel wall
occurring at the attachment for principal struts or gus-
sets and supports of any kind can produce high bending
stresses, and when thicker wall plates do not seem
appropriate, an oval or circular reinforcing plate may
be used. The attachment of such reinforcing plates
should be designed to minimize flexing of the plate
under forces normal to the surface of the vessel.
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A3

Vertical vessels may be supported on a number of
posts without substantial ring girder bracing them
around the shell, provided they are attached to the shell
where the latter is reinforced in an equivalent manner
by the head of the vessel or by an intermediate partition.

A4

Where vertical vessels are supported by lugs, legs, or
brackets attached to the shell, the supporting members
under these bearing attachments should be as close to
the shell as possible to minimize local bending stresses
in the shell.

A5

For large or heavy vertical vessels to be supported by
skirts, the conditions of loading under hydrostatic tests,
before the pressure is applied, or for any possible combi-
nation of loadings (see TD-200) under the highest
expected metal temperature in service for the normal
operating pressure, shall be compared in determining
the best location for the line of skirt attachment. In
applying TD-200 and TD-210 to vertical vessels sup-
ported on skirts, the following shall be considered in
addition to pressure effects:

(a) The Skirt Reaction
(1) the weight of the vessel and contents transmit-

ted in compression to the skirt by the shell above the
level of the skirt attachment

(2) the weight of the vessel and contents transmit-
ted to the skirt by the weight in the shell below the level
of the skirt attachment

(3) the load due to externally applied moments and
forces when theses are a factor, e.g., wind, earthquake,
or piping loads

(b) The Stress in the Vessel Wall Due to the Effects
Enumerated in A5(a). Localized longitudinal bending and
circumferential compressive stresses of high order may
exist in the metal of the shell and skirt near the circle
of the skirt attachment if the reaction is not substantially
tangent to the vessel wall. When the skirt is attached
below the head tangent line, localized stresses are intro-
duced in proportion to the component of the skirt reac-
tion that is normal to the head surface at the point of
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attachment; when the mean diameter of skirt and shell
approximately coincide and a generous knuckle radius
is used (e.g., 2:1 ellipsoidal head), the localized stresses
are minimized and are not considered objectionable. In
other cases of investigation of local effects may be war-
ranted depending on the magnitude of the loading, loca-
tion of skirt attachment, etc., and an additional thickness
of vessel wall or compression rings may be necessary.

A6

Horizontal vessels may be supported by means of
saddles1 or equivalent leg supports. For other than very
small vessels, the bearing afforded by saddles shall
extend over at least one-third of the circumference of
the shell.

The vessel may be reinforced by stiffening rings at
intermediate sections.2

A7

Large horizontal storage tanks for gases under pres-
sure may be supported by any combination of hangers,
with wind girders, stiffeners, and other such reinforce-
ment as may be necessary to prevent stresses in the shell
in excess of those allowed by TD-210 and to prevent
excessive distortion due to the weight of the vessel when
the internal pressure is near atmospheric.

1 See “Stresses in Large Cylindrical Pressure Vessels on Two
Saddle Supports,” p. 959, Pressure Vessels and Piping: Design and
Analysis, A Decade of Progress, Volume Two, Published by ASME.

2 See Transactions ASCE, Volume 98-1931 “Design of Large Pipe
Lines.”
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A8

Certain attachments may serve to mount a pump,
compressor, motor, internal combustion engine, mixer,
or any other rotating or reciprocating equipment upon
a vessel. Such equipment can cause cyclic forces to act
upon the attachment, upon the attachment weld to the
vessel, upon the vessel shell, and upon the vessel sup-
ports. For such cyclic loading, the practices advocated
in A2(c) and (d) are of particular importance. It is impor-
tant to avoid resonance between the cyclic forces
imposed by the equipment and the natural frequency
of the vessel with its equipment in place.

A9 REFERENCES

Additional guidance on the design of supports,
attachments, and piping reactions may be found in the
following references:

(a) British Standard BS-5500, Specification for Fusion
Welded Pressure Vessels (Advanced Design and
Construction) for Use in Chemical, Petroleum, and
Allied Industries

(b) Welding Research Council Bulletin #107, Local
Stresses in Spherical and Cylindrical Shells Due to
External Loadings

(c) Welding Research Council Bulletin #198, Part 1,
Secondary Stress Indices for Integral Structural
Attachments to Straight Pipes; Part 2, Stress Indices at
Lug Supports on Piping Systems

(d) Welding Research Council Bulletin #297, Local
Stresses in Spherical and Cylindrical Shells Due to
External Loadings, Supplement to WRC-107
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NONMANDATORY APPENDIX B
SUGGESTED GOOD PRACTICE REGARDING INTERNAL

STRUCTURES

Pressure vessels that have heavy internal structures
such as trays and baffles are subject to damage due to
failure of the connections that support the structures.

The designer should have this possible hazard in mind
and provide supports of sufficient strength with due
allowance for corrosion.

The following are some suggestions that should be
considered in the design of internal structures:

(a) Connections to the vessel wall should be designed
to prevent excessive tensile stress outward from the wall
face due to the connection.
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(b) Structures should rest on top of their supports in
preference to being suspended from them.

(c) Additional metal should be provided when corro-
sion is expected. The corrosion allowance need not be
the same as in the vessel if the supports and structures
can be replaced more readily and economically than the
vessel.

(d) Corrosion-resistant metals may be used in the fab-
rication of the structures and supports.
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NONMANDATORY APPENDIX C
GUIDE FOR PREPARING MANUFACTURER’S DATA REPORTS

C1 INTRODUCTION

(a) The instructions contained in this Nonmandatory
Appendix are to provide general guidance for the
Manufacturer in preparing Data Reports as required in
TG-320(r).

(b) Manufacturer’s Data Reports required by ASME
Code rules are not intended for pressure vessels that do
not meet the provisions of the Code, including those of
special design or construction that require and receive
approval by jurisdictional authorities under the laws,
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rules, and regulations of the respective State or munici-
pality in which the vessel is to be installed.

(c) The instructions for the Data Reports (see
Table C1) are identified by circled numbers correspond-
ing to numbers on the sample Forms in this
Nonmandatory Appendix.

(d) If the space provided on the Form is not sufficient
to write comments in the space “See remarks” or “See
attached T-3 Form,” as appropriate.

(e) Any quantity to which units apply shall be entered
on the Manufacturer’s Data Report with the chosen
units.
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Table C1 Instructions for the Preparation of Manufacturer’s Data Reports
(Any quantity to which units apply shall be entered on the Manufacturer’s Data Report with the chosen units.)

Applies to Forms Note
T-1A, B, C T-2A, B, C T-3A, B, C No. Instruction

X X X F1 Name and street address of manufacturer as listed on ASME Certificate of Authorization.

X X X F2 Name and address of purchaser.

X X X F3 Identify Competent Authority and regulation complied with.

X . . . X F4 U.S. DOT Specification/U.N. Specification.

. . . X . . . F5 Description of vessel part (i.e., shell, two-piece head).

X X X F6 Manufacturer’s serial number.

X X X F7 Canadian registration number, where applicable.

X X X F8 Indicate drawing number(s), including applicable revision number, that cover general assem-
bly and list of materials. For Canadian registered vessels, the number of the drawing
approved by the provincial authorities.

. . . X . . . F9 Organization that prepared drawing, if other than the Manufacturer listed in F1 .

X X X F10 Where applicable, the National Board number from the Manufacturer’s Series of National
Board numbers sequentially without skips or gaps. National Board numbers shall not be
used for Owner-inspected vessels.

X X . . . F11 ASME Code, Section XII, Edition (e.g., 2004) and Addenda (e.g., A03, etc., if applicable)
used for construction.

X X . . . F12 All Code Case numbers and revisions used for construction must be listed. Where more
space is needed use “Remarks” section or list on a supplemental page.

X . . . . . . F13 Indicate vessel capacity.

X X . . . F14 Total number of courses or sections between end closures (heads) required to make one
shell. In the “No.” blocks in the table below, under “Courses,” indicate the number of
courses with identical information.

X X . . . F15 Length of the shell (courses), excluding heads.

X X . . . F16 Indicate the dimensions of the course(s) as follows:
(a) cylindrical as inside or outside diameter
(b) transition as inside or outside diameter at the largest and smallest ends
(c) squares or rectangle as the largest width and height
(d) all other shapes define as appropriate or attach a sketch or drawing

Where more space is needed use “Remarks” section or list on a supplemental page.

X X . . . F17 Length of each course(s) in the shell.

X X . . . F18 Show the complete ASME specification number and grade of the actual material used in the
vessel. Material is to be as designated in Section XII (e.g., “SA-285C”).

EXCEPTIONS: A specification number for a material not identified to an ASME specification
may be shown only if such material meets the criteria in the Code in conjunction with the
Foreword of this Section. When material is accepted through a Code Case, the applicable
Case number shall be shown.
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Table C1 Instructions for the Preparation of Manufacturer’s Data Reports (Cont’d)
(Any quantity to which units apply shall be entered on the Manufacturer’s Data Report with the chosen units.)

Applies to Forms Note
T-1A, B, C T-2A, B, C T-3A, B, C No. Instruction

X X . . . F19 Thickness is the minimum required by design or statute.

X X . . . F20 State corrosion allowance (see TD-130).

X X . . . F21 Type of longitudinal joint (e.g., Type 1, 2, 3, 4, 5, or 6) per Table TW-130.4. In case of braz-
ing, explain type of joint. If seamless, indicate joint type as S, and E for electric resistance
welded.

X X . . . F22 Category A (longitudinal) welds — identify degree of examination (radiographic or if applica-
ble, ultrasonic) employed: full, spot, or none (see TE-230.1). Also identify the joint effi-
ciency associated with the weld from Table TW-130.4. Where more space is needed, use
“Remarks” section, supplemental page, or RT map, as applicable. In the case of parts,
there is no need to identify the joint efficiency associated with these welds. (See F29 for
heads of welded construction joints.)

X X . . . F23 Type of circumferential joint (e.g., Type 1, 2, 3, 4, 5, or 6) per Table TW-130.4. In the case of
brazing, explain type of joint. For multiple course vessel, the Category B welds in the shell
and head-to-shell joint (Category A, B, C) shall be listed bottom to top or left to right as
shown on drawing listed in F8 .

X X . . . F24 Categories A, B, and C (circumferential) welds — Identify degree of examination (radiographic
or if applicable ultrasonic) employed: full, spot, or none (see TE-230.1) or spot radiogra-
phy in accordance with TE-230.1(a)(4). Where more space is needed, use “Remarks” sec-
tion, supplemental page, or RT map, as applicable. In the case of parts, there is no need
to identify the joint efficiency associated with these welds.

X X . . . F25 When heat treatment is performed by the Manufacturer, such as postweld heat treatment,
annealing, or normalizing, give the holding temperature and time. Explain any special cool-
ing procedure under “Remarks.”

X X . . . F26 Specified minimum thickness of the head after forming. It includes corrosion allowance.

. . . X . . . F27 Indicate the crown radius (inside or outside) for torispherical heads.

. . . X . . . F28 Indicate the knuckle radius (inside or outside) for torispherical or toriconical heads.

X X . . . F29 For heads of welded construction joints, indicate the following:
(a) type of joint in the head (Category A), e.g., Type 1, 2, 3, etc., per Table TW-130.4; in

the case of brazing, explain the type of joint.
(b) identify degree of examination (radiographic or if applicable ultrasonic) employed: full,

spot, or none. Where more space is needed, use “Remarks” section, supplemental page, RT
map, as applicable.

X X . . . F30 Bolts used to secure removable head or heads of vessel. Indicate the number, size, material
specification (grade/type).

X X . . . F31 Show maximum allowable working pressure (internal or external) for which vessel is con-
structed. See TD-160.

X X . . . F32 Show maximum temperature permitted for vessel at MAWP. See F31 .

X X . . . F33 Indicate the minimum design metal temperature (MDMT).

X X . . . F34 Indicate if impact testing was conducted (yes or no) and the component(s) that were impact
tested and the impact test temperature. Where more space is needed, use “Remarks” sec-
tion or list on a supplement page. If no, indicate applicable paragraph(s) [such as TM-
240.1, TM-240.3, TM-240.4(a), TM-240.4(b), TM-240.4(c), TM-250.5, and TM-250.7].

X X . . . F35 Indicate the type of test used (pneumatic, hydrostatic, or combination test, as applicable)
and specify test pressure at the top of the vessel in the test position. Indicate under
“Remarks” if the vessel was tested in the vertical position.

X X . . . F36 When proof test is required by Code rules, indicate type of test (see Article TT-3), proof test
pressure, and acceptance date by the Inspector. Subsequent Data Reports shall indicate
under “Remarks” the test date, type, and acceptance date by the Inspector.
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Table C1 Instructions for the Preparation of Manufacturer’s Data Reports (Cont’d)
(Any quantity to which units apply shall be entered on the Manufacturer’s Data Report with the chosen units.)

Applies to Forms Note
T-1A, B, C T-2A, B, C T-3A, B, C No. Instruction

X X . . . F37 Nozzles, inspection, and safety valve openings; list all openings, regardless of size and use.
Where more space is needed, list them on a supplemental page.

X X . . . F38 Indicate nozzles by size (NPS) and inspection openings by inside dimensions in inches.

X X . . . F39 Data entries with description acceptable to the Inspector. For flange type an abbreviation
may be used to define any generic name. Some typical abbreviations:

Flanged fabricated nozzle Cl. 150 flg.
Long weld neck flange Cl. 300 lwn.
Weld end fabricated nozzle w.e.
Lap joint flange Cl. 150 lap jnt.

X X . . . F40 Show the material for the nozzle neck.

X X . . . F41 Show the material for the flange.

X X . . . F42 Nominal thickness applies to nozzle neck thickness.

X X . . . F43 Show the complete ASME specification number and grade of the actual material used for the
reinforcement material (pad). Material is to be as designated in Section XII.

EXCEPTIONS: A specification number for a material not identified to an ASME specification
may be shown only if such material meets the criteria in the Code and in conjunction with
the Foreword of this Section. When material is accepted through a Code Case, the applicable
Case number shall be shown.

X X . . . F44 Data entries with description acceptable to the Inspector.

X X . . . F45 Categories C and D welds — Identify degree of examination (radiographic or if applicable
ultrasonic) employed: full, spot, or none (see TE-230.1). Also identify the joint efficiency
associated with the weld from Table TW-130.4.

X X . . . F46 “Location” applies to inspection openings only.

X X . . . F47 Describe:

(a) type of support (skirt, lugs, etc.)
(b) location of support (top, bottom, side, etc.)
(c) method of attachment (bolted, welded, etc.)

X . . . . . . F48 To be completed when one or more parts of the vessel are furnished by others and certified
on Data Report T-2A, B, or C. The part manufacturer’s name and serial number should be
indicated.

X X . . . F49 For additional comments including any Code restrictions on the vessel, or any unusual
requirements that have been met, such as those in TG-100.2(c), TF-710(f)(1), etc. or in
other notes to this Table. Indicate stiffening rings when used.

. . . . . . X F50 Fill in information identical to that shown on the Data Report Form to which this sheet is
supplementary. Indicate the type of Certificate of Authorization, number, expiration date,
and signature of the company representative.

. . . . . . X F51 Fill in information for which there was insufficient space on the Data Report Form as indi-
cated by the notation “See attached T-3 Form” on the Data Report. Identify the applicable
Data Report item number.

. . . X . . . F52 Indicate data, if known.

. . . X . . . F53 Indicate the extent, if any, of the design function performed.

X X . . . F54 Certificate of Shop Compliance block is to show the name of the Manufacturer as shown on
his ASME Code Certificate of Authorization. This should be signed in accordance with the
organizational authority defined in the Quality Control System.

X X . . . F55 Certificate of Shop Inspection block is to be completed by the Manufacturer and signed by
the Inspector who performs the inspection.
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Table C1 Instructions for the Preparation of Manufacturer’s Data Reports (Cont’d)
(Any quantity to which units apply shall be entered on the Manufacturer’s Data Report with the chosen units.)

Applies to Forms Note
T-1A, B, C T-2A, B, C T-3A, B, C No. Instruction

X X . . . F56 If the Inspector has a valid credential for the state or province where the Manufacturer’s
shop is located, the name of that state or province. If the Manufacturer is located in a
non-Code state or province, insert the name of the state or province where the Inspector
took his original examination to obtain his National Board credential, provided he still has
a valid credential for that state or province. Otherwise, if no valid credential, show the
name of the Competent Authority where he has a valid credential authorizing him to make
inspection.

X . . . X F57 The Inspector’s National Board credential number must be shown when the pressure vessel
is stamped National Board.

. . . X X F58 The Inspector’s National Board credential number must be shown when the pressure vessel
part is stamped National Board.
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(10)

F1

F2

F3

F4 F6 F7 F8 F10

F37 F38 F38 F42 F43 F44 F46

F39

F44

F18

F40

F34

F54

F54

F56

F54

F54

F57F55

F55

F36 F48 F49

F26 F20 F27 F28

F47

F30

F32F31

F35F39

F12 F13

F16F20F19

F11

F21 F22

F15 F25 F29

F22 F25 F25 F23 F24 F16

F18 F16

F11

FORM T-1A   MANUFACTURER'S DATA REPORT FOR CLASS 1 TRANSPORT TANKS 

As Required by the Provisions of the ASME Code Rules, Section XII

1.  Manufactured and certified by
(Name and address of manufacturer)

2.  Manufactured for
(Name and address of purchaser)

(Name of Regulatory Agency and Regulation met)

(DOT/UN Spec.) (Manufacturer’s serial No.) (CRN) (Drawing No.) (Year built)(National Bd. No.)

3.  Competent Authority

4.  Type

We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this vessel 

conform to the ASME Code for Transport Tanks, Section XII, T Certificate of Authorization No.

Date Co. name Signed
(Manufacturer)

(Authorized Inspector) [National Board (incl. endorsements), State, Province, and No.]

9.  MAWP

Min. design metal temp.

items of the report

If removable, bolts used (describe other fastenings)

at max. temp.

at . Hydro., pneu., or comb. test pressure .
.

10.  Nozzles, inspection and safety valve openings:

11.  Supports: Skirt Lugs Legs Other Attached

12.  Remarks: Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following

(a)

(b)

(Yes or no) (No.) (No.) (Describe)

(Name of part, item number, Manufacturer’s name, and identifying stamp)

(Where and how)

(Representative)

(Material, Spec. No., Gr., Size, No.)

Location (Top,
Bottom, Ends)

Minimum
Thickness

Corrosion
Allowance

Crown
Radius

Knuckle
Radius

Hemispherical
Radius

Flat
Diameter

How
Attached

Nom.
Thk.

Diameter
or Size

Purpose
(Inlet, Outlet, Drain)

Reinforcement
Material LocationMaterialTypeNo.

Side to Pressure
(Convex or Concave)

Elliptical
Ratio

Conical
Apex Angle

6.  Shell

to

7.  Seams

8.  Heads:  (a) Material (b)  Material
(Spec. No., Grade) (Spec. No., Grade)

Code Case Nos. Capacity, liters (gallons)

Diameter I.D.Corr. Allow.Min. Required Thk.

Addenda (if applicable) (Date)

R.T. (Spot or Full) Eff. (%) H.T. Temp. Time (hr) Girth, (Welded, Dbl., Sngl., Lap, Butt)Long. (Welded, Dbl., Sngl., Lap, Butt) R.T. (Spot, Partial,
or Full)

No. of Courses

Material (Spec. No., Grade) Length (overall)

5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL 

CODE.  The design,  construction, and workmanship conform to ASME Rules, Section XII, Class 1
Year

CERTIFICATE OF SHOP COMPLIANCE

expires .

CERTIFICATE OF SHOP INSPECTION

Vessel constructed by at
I, the undersigned, holding a valid credential issued by the National Board of Boiler and Pressure Vessel Inspectors and Competent Authority

and employed by
have inspected the component described in this Manufacturer's Data Report on                                                                                                                                                                                                                       , and state that, 
to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME Code, Section XII.
By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the pressure vessel 
described in this Manufacturer's Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for any personal 
injury or property damage or a loss of any kind arising from or connected with this inspection.

Date Signed Commissions

(07/10)

.
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(10)

F1

F2

F3

F4 F10F8F7F6

F37 F38 F38 F42 F43 F44 F46

F39

F44

F18

F40

F34 F36 F48 F49

F26 F20 F27 F28

F12 F13

F16F20F19

F11

F21 F22

F15 F25 F29

F22 F25

F47

F54

F55

F25 F23 F24 F14

F30

F32F31

F35F39

F18 F15

F11

F55

F56

F57

F54 F54

F54

FORM T-1B   MANUFACTURER’S DATA REPORT FOR CLASS 2 TRANSPORT TANKS

As Required by the Provisions of the ASME Code Rules, Section XII

1.  Manufactured and certified by
(Name and address of manufacturer)

2.  Manufactured for
(Name and address of purchaser)

(Name of Regulatory Agency and Regulation met)
3.  Competent Authority

4.  Type

6.  Shell

to

7.  Seams

8.  Heads:  (a) Material

9.  MAWP

Min. design metal temp.

items of the report

If removable, bolts used (describe other fastenings)

at max. temp.

at . Hydro., pneu., or comb. test pressure .
.

10.  Nozzles, inspection and safety valve openings:

11.  Supports: Skirt Lugs Legs Other Attached

12.  Remarks: Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following

Vessel  constructed  by

I, the undersigned, holding a valid credential issued by the National Board of Boiler and Pressure Vessel Inspectors and Competent Authority

and employed by

have inspected the component described in the Manufacturer’s Data Report on , and state that,

at .

(b)  Material

(DOT/UN Spec.)

(a)

(b)

(Spec. No., Grade) (Spec. No., Grade)

(Manufacturer’s serial No.) (Drawing No.) (Year built)(National Bd. No.)(CRN)

Code Case Nos. Capacity, liters (gallons)

Diameter I.D.Corr. Allow.Min. Required Thk.

Addenda (if applicable) (Date)

R.T. (Spot or Full) Eff. (%) H.T. Temp.

(Yes or no) (No.) (No.) (Describe)

(Name of part, item number, Manufacturer’s name and identifying stamp)

(Where and how)

Time (hr) Girth, (Welded, Dbl., Sngl., Lap, Butt)Long. (Welded, Dbl., Sngl., Lap, Butt) R.T. (Spot, Partial,
or Full)

No. of Courses

(Material, Spec. No., Gr., Size, No.)

Material (Spec. No., Grade) Length (overall)

(07/10)

5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL 

CODE.  The design,  construction, and workmanship conform to ASME Rules, Section XII, Class 2
Year

Location (Top,
Bottom, Ends)

Minimum
Thickness

Corrosion
Allowance

Crown
Radius

Knuckle
Radius

Hemispherical
Radius

Flat
Diameter

How
Attached

Nom.
Thk.

Diameter
or Size

Purpose
(Inlet, Outlet, Drain)

Reinforcement
Material LocationMaterialTypeNo.

Side to Pressure
(Convex or Concave)

Elliptical
Ratio

Conical
Apex Angle

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

Date Signed
(Qualified Inspector) (National Board Certification)(Certification Number)

We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this vessel 

conform to the ASME Code for Transport Tanks, Section XII, T Certificate of Authorization No.

to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME Code, Section XII.      

By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the pressure vessel 

described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for any personal 

injury or property damage or a loss of any kind arising from or connected with this inspection.

Date Co. name Signed

expires

(Manufacturer) (Representative)

.
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(10)

F1

F2

F3

F4 F10F8F7F6

F37 F38 F38 F42 F43 F44 F46

F39

F44

F18

F40

F34 F36 F48 F49

F26 F20 F27 F28

F12 F13

F21F20F19

F11

F21 F21

F16 F26 F30

F21 F25

F47

F54

F55

F25 F23 F24 F14

F30

F32F31

F35F39

F18 F15

F11

F56

F54 F54

F54

F55 F57

FORM T-1C   MANUFACTURER’S DATA REPORT FOR CLASS 3 TRANSPORT TANKS

As Required by the Provisions of the ASME Code Rules, Section XII

1.  Manufactured and certified by
(Name and address of manufacturer)

2.  Manufactured for
(Name and address of purchaser)

(Name of Regulatory Agency and Regulation met)
3.  Competent Authority

4.  Type

6.  Shell

to

7.  Seams

8.  Heads:  (a) Material

9.  MAWP

Min. design metal temp.

items of the report

If removable, bolts used (describe other fastenings)

at max. temp.

at . Hydro., pneu., or comb. test pressure .
.

10.  Nozzles, inspection and safety valve openings:

11.  Supports: Skirt Lugs Legs Other Attached

12.  Remarks: Manufacturer’s Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following

Vessel  constructed  by

I, the undersigned, holding a valid credential issued by the National Board of Boiler and Pressure Vessel Inspectors and Competent Authority

and employed by

have inspected the component described in the Manufacturer’s Data Report on , and state that,

at .

(b)  Material

(DOT/UN Spec.)

(a)

(b)

(Spec. No., Grade) (Spec. No., Grade)

(Manufacturer’s serial No.) (Drawing No.) (Year built)(National Bd. No.)(CRN)

Code Case Nos. Capacity, liters (gallons)

Diameter I.D.Corr. Allow.Min. Required Thk.

Addenda (if applicable) (Date)

R.T. (Spot or Full) Eff. (%) H.T. Temp.

(Yes or no) (No.) (No.) (Describe)

(Name of part, item number, Manufacturer’s name and identifying stamp)

(Where and how)

Time (hr) Girth, (Welded, Dbl., Sngl., Lap, Butt)Long. (Welded, Dbl., Sngl., Lap, Butt) R.T. (Spot, Partial,
or Full)

No. of Courses

(Material, Spec. No., Gr., Size, No.)

Material (Spec. No., Grade) Length (overall)

(07/10)

5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL 

CODE. The design, construction, and workmanship conform to ASME Rules, Section XII, Class 3
Year

Location (Top,
Bottom, Ends)

Minimum
Thickness

Corrosion
Allowance

Crown
Radius

Knuckle
Radius

Hemispherical
Radius

Flat
Diameter

How
Attached

Nom.
Thk.

Diameter
or Size

Purpose
(Inlet, Outlet, Drain)

Reinforcement
Material LocationMaterialTypeNo.

Side to Pressure
(Convex or Concave)

Elliptical
Ratio

Conical
Apex Angle

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

Date Signed Commissions
(Inspector) [National Board (incl. endorsements)]

We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this vessel 

conform to the ASME Code for Transport Tanks, Section XII, T Certificate of Authorization No.

to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME Code, Section XII.

By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the pressure vessel 

described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any manner for any personal 

injury or property damage or a loss of any kind arising from or connected with this inspection.

Date Co. name Signed

expires

(Manufacturer) (Representative)

.
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(10)

F1

F2

F3 F52

F10 F8

F11

F14

F5 F6 F7

F9 F53

F12 F4 F13 F52

F15

F24F23F22

F30

F33 F52

F25

F29

F34

F36

F32F31 F52

F34

F35

F21F20F19

F52

F18F17

F18 F25

F16

F37 F38 F39

F18

F42 F43 F46F45

F47F47F47F47

F44F44 F45F40

F18

F41

F35 F36 F49

F58

F26 F20

F52

F27 F28

F47

F54

F55

F56

1.  Manufactured and certified by
(Name and address of Manufacturer)

2.  Manufactured for
(Name and address of Purchaser)

(Name of Regulatory Agency and Regulation Met)

(DOT/UN Spec.)

(Drawing No.) (Drawing prepared by) (Year built)

(Code Case No.) Class Capacity[Edition and Addenda (if applicable) (date)]

(internal) (external) (internal) (external)

[Indicate yes or no and the component(s) impact tested]

(Material Spec. No., Grade or Type) (H.T. — Time & Temp.)

(Material Spec. No., Grade, Size, No.)

(Material Spec. No., Grade or Type) (H.T. — Time & Temp.)

(National Bd. No.)

(Manufacturer’s serial No.) (CRN)

3.  Competent Authority

4.  Type

5.  ASME Code, Section XII

6.  Shell:

7.  Heads: (a)

8.  MAWP at max. temp. .  Min. design metal temp. at

9.  Impact test

10.  Hydro., pneu., or comb. test press.

11.  Nozzles, inspection and safety valve openings:

Proof test

at test temperature of

If removable, bolts used (describe other fastenings)

(b)

No. Diameter Length

MaterialCourse(s) Thickness Circum. Joint (Cat A, B & C) Heat TreatmentLong. Joint (Cat. A)

Spec./Grade or Type Min. Eff. Eff.Type Type Temp. TimeFull, Spot, None Full, Spot, NoneCorr.

(a) No. of course(s) (b) Overall length

12.  Supports: Skirt Lugs Legs Other Attached

13.  Remarks

(a)

(b)

(Yes or no) (No.) (No.) (Describe) (Where and how)

Location (Top,
Bottom, Ends)

Thickness

Min. Corr.

Radius

Crown Knuckle
Hemispherical

Radius
Flat

Diameter

How AttachedNozzle Thickness

Nozzle Flange Nozzle Flange (Insp. Open.)
Flange
Type

Diameter
or Size

Purpose
(Inlet, Outlet, Drain, etc.)

Reinforcement
Material

LocationMaterial

Nom. Corr.No.

Side to Pressure Category A

Convex Concave Type Eff.Full, Spot, None
Elliptical

Ratio
Conical

Apex Angle

(07/10)

and state that, to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel part in accordance with ASME Code, 
Section XII, Class 1. By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the 
pressure vessel part described in this Manufacturer's Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any 
manner for any personal injury or property damage or a loss of any kind arising from or connected with this inspection.

FORM T-2A   MANUFACTURER'S PARTIAL DATA REPORT FOR CLASS 1 TRANSPORT TANKS

As Required by the Provisions of the ASME Code Rules, Section XII

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

We certify that the statements made in this report are correct and that all details of material, construction, and workmanship of this pressure 

vessel part conform to the ASME Code for Transport Tanks, Section XII, Class 1.

T Certificate of Authorization No. Expires

Date Name Signed
(Manufacturer) (Representative)

I, the undersigned, holding a valid credential issued by the National Board of Boiler and Pressure Vessel Inspectors and/or Competent Authority
of and employed by of

have inspected the pressure vessel part described in this Manufacturer's Data Report on ,

(Authorized Inspector) (National Board incl. endorsement, State, Province, and No.)
Date Signed Commissions

.

.
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(10)

F1

F2

F3 F52

F6 F7F5

F10 F8 F9 F53

F11 F12 F4 F13 F52

F37 F38 F39 F42F41 F43 F44 F45F44 F45

F18

F40

F18

F14

F18

F16 F17 F18 F19 F20 F21 F22 F23 F24 F25

F29F28F27F20

F52

F26

F52

F25

F47 F47 F47 F47 F47

F49F36F35

F54

F55

F56

F30

F52F33F31 F32

F34

F35

F34

F36

F52

F15

F58

F46

FORM T-2B   MANUFACTURER’S PARTIAL DATA REPORT FOR CLASS 2 TRANSPORT TANKS

As Required by the Provisions of the ASME Code Rules, Section XII

1.  Manufactured and certified by
(Name and address of Manufacturer)

2.  Manufactured for
(Name and address of Purchaser)

(Name of Regulatory Agency and Regulation Met)
3.  Competent Authority

4.  Type

5.  ASME Code, Section XII

6.  Shell:     (a) No. of course(s) (b) Overall length

7.  Heads:  (a)

(a)

(b)

8.  MAWP

If removable, bolts used (describe other fastenings)

at max. temp. . Min. design metal temp. at .

.

10.  Hydro., pneu., or comb. test press. Proof test

11.  Nozzles, inspection and safety valve openings:

12.  Supports: Skirt Lugs Legs Others Attached

13.  Remarks

I, the undersigned, holding a valid credential issued by the National Board of Boiler and Pressure Vessel Inspectors and/or Competent Authority

of of

,have inspected the pressure vessel part described in this Manufacturer’s Data Report on

and employed by

(b)

(DOT/UN Spec.)

(National Bd. No.) (Drawing No.)

[Edition and Addenda (if applicable) (date)] (Code Case No.) Class Capacity

(Drawing prepared by) (Year built)

(Material Spec. No., Grade or Type) (H.T. — Time & Temp.)

(external) (external)(internal) (internal)

(Material Spec. No., Grade or Type) (H.T. — Time & Temp.)

(Manufacturer’s serial No.) (CRN)

(Yes or no) (No.) (No.) (Describe) (Where and how)

(Material Spec. No., Grade, Size, No.)

9.  Impact test at test temperature of
[indicate yes or no and the component(s) impact tested]

How AttachedMaterial Nozzle Thickness

NozzleNozzle FlangeFlange Nom. Corr.
Diameter
or Size

Flange
Type

Purpose
(Inlet, Outlet, Drain, etc.)

Location (Top,
Bottom, Ends)

Elliptical
Ratio

Conical
Apex Angle

Hemispherical
Radius

Flat
Diameter

Side to Pressure Category A

Convex Concave Type Eff.

TimeTypeTypeMin.Spec./Grade or TypeLengthDiameterNo. Corr. Temp.Eff.Eff.

Full, Spot, None

Full, Spot, NoneFull, Spot, None

Long. Joint (Cat. A) Heat TreatmentCircum. Joint (Cat A, B & C)ThicknessMaterialCourse(s)

Thickness Radius

CrownMin. Corr. Knuckle

Reinforcement
Material

Location
(Insp. Open.)No.

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

Date Signed
(Qualified Inspector) (Certificate No.) (National Board Certificate)

We certify that the statements made in this report are correct and that all details of material, construction, and workmanship of this pressure 

vessel part conform to the ASME Code for Transport Tanks, Section XII, Class 2.

and state that, to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel part in accordance with ASME Code, 

Section XII, Class 2. By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the 

pressure vessel part described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any 

manner for any personal injury or property damage or a loss of any kind arising from or connected with this inspection.

Date

T Certificate of Authorization No.

Name Signed
Expires

(Manufacturer) (Representative)

(07/10)
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(10)

F1

F2

F3 F52

F6 F7F5

F10 F8 F9 F53

F11 F12 F4 F13 F52

F37 F38 F39 F42F41 F43 F44 F45F44 F45 F46

F18

F40

F18

F14

F18

F16 F17 F18 F19 F20 F21 F22 F23 F24 F25

F29F28F27F20

F52

F26

F52

F25

F47 F47 F47 F47 F47

F49F36F35

F54

F55

F56

F30

F52F33F31 F32

F34

F35

F34

F36

F52

F15

F58

FORM T-2C   MANUFACTURER’S PARTIAL DATA REPORT FOR CLASS 3 TRANSPORT TANKS

As Required by the Provisions of the ASME Code Rules, Section XII

1.  Manufactured and certified by
(Name and address of Manufacturer)

2.  Manufactured for
(Name and address of Purchaser)

(Name of Regulatory Agency and Regulation Met)
3.  Competent Authority

4.  Type

5.  ASME Code, Section XII

6.  Shell:     (a) No. of course(s) (b) Overall length

7.  Heads:  (a)

(a)

(b)

8.  MAWP

If removable, bolts used (describe other fastenings)

at max. temp. . Min. design metal temp. at .

.

10.  Hydro., pneu., or comb. test press. Proof test

11.  Nozzles, inspection and safety valve openings:

12.  Supports: Skirt Lugs Legs Others Attached

13.  Remarks

I, the undersigned, holding a valid credential issued by the National Board of Boiler and Pressure Vessel Inspectors and/or Competent Authority

of of

,have inspected the pressure vessel part described in this Manufacturer’s Data Report on

and employed by

(b)

(DOT/UN Spec.)

(National Bd. No.) (Drawing No.)

[Edition and Addenda (if applicable) (date)] (Code Case No.) Class Capacity

(Drawing prepared by) (Year built)

(Material Spec. No., Grade or Type) (H.T. — Time & Temp.)

(external) (external)(internal) (internal)

(Material Spec. No., Grade or Type) (H.T. — Time & Temp.)

(Manufacturer’s Serial No.) (CRN)

(Yes or no) (No.) (No.) (Describe) (Where and how)

(Material Spec. No., Grade, Size, No.)

9.  Impact test at test temperature of
[indicate yes or no and the component(s) impact tested]

How AttachedMaterial Nozzle Thickness

NozzleNozzle FlangeFlange Nom. Corr.
Diameter
or Size

Flange
Type

Purpose
(Inlet, Outlet, Drain, etc.)

Location (Top,
Bottom, Ends)

Elliptical
Ratio

Conical
Apex Angle

Hemispherical
Radius

Flat
Diameter

Side to Pressure Category A

Convex Concave Type Eff.

TimeTypeTypeMin.Spec./Grade or TypeLengthDiameterNo. Corr. Temp.Eff.Eff.

Full, Spot, None

Full, Spot, NoneFull, Spot, None

Long. Joint (Cat. A) Heat TreatmentCircum. Joint (Cat A, B & C)ThicknessMaterialCourse(s)

Thickness Radius

CrownMin. Corr. Knuckle

Reinforcement
Material

Location
(Insp. Open.)No.

CERTIFICATE OF SHOP COMPLIANCE

CERTIFICATE OF SHOP INSPECTION

Date Signed Commissions
(Certified Individual) (National Board incl. endorsements, State, Province, and No.)

We certify that the statements made in this report are correct and that all details of material, construction, and workmanship of this pressure 

vessel part conform to the ASME Code for Transport Tanks, Section XII, Class 3.

and state that, to the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel part in accordance with ASME Code, 

Section XII, Class 3. By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, concerning the 

pressure vessel part described in this Manufacturer’s Data Report. Furthermore, neither the Inspector nor his employer shall be liable in any 

manner for any personal injury or property damage or a loss of any kind arising from or connected with this inspection.

Date

T Certificate of Authorization No.

Name Signed
Expires

(Manufacturer) (Representative)

(07/10)
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F50F1

F50F2

F57 F58

F50F3

F4 F50F6

F50F10F50

F50

F50

F51

F7 F50F8

FORM T-3A   CLASS 1 TRANSPORT TANK MANUFACTURER’S DATA REPORT SUPPLEMENTARY SHEET

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XII

1.  Manufactured and certified by

Data Report
Item Number Remarks

(Name and address of manufacturer)

2.  Manufactured for
(Name and address of purchaser)

Certificate of Authorization: Type No. Expires

Date
[National Board (incl. endorsements)]

Date

Name

Name

Commission

Signed
(Representative)

(Authorized Inspector)

(Manufacturer)

3.  Competent Authority
(Name of regulatory agency and regulation met)

4.  Type
(UN/US DOT specification) (Manufacturer’s serial no.)

(Year built)(National Board no.)(CRN) (Drawing no.)

(07/10)
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(10)

F50F1

F50F2

F57 F58

F50F3

F4 F50F6

F50F10F50

F50

F50

F51

F7 F50F8

FORM T-3B   CLASS 2 TRANSPORT TANK MANUFACTURER’S DATA REPORT SUPPLEMENTARY SHEET

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XII

1.  Manufactured and certified by

Data Report
Item Number Remarks

(Name and address of manufacturer)

2.  Manufactured for
(Name and address of purchaser)

Certificate of Authorization: Type No. Expires

Date
(National Board)

Date

Name

Name Signed
(Representative)

(Qualified inspector) (Certificate no.)

(Manufacturer)

3.  Competent Authority
(Name of regulatory agency and regulation met)

4.  Type
(UN/US DOT specification) (Manufacturer’s serial no.)

(Year built)(National Board no.)(CRN) (Drawing no.)

(07/10)
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F50F1

F50F2

F50F3

F4 F50F6

F50F10F50

F50

F50

F51

F7 F50F8

FORM T-3C   CLASS 3 TRANSPORT TANK MANUFACTURER’S DATA REPORT SUPPLEMENTARY SHEET

As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section XII

1.  Manufactured and certified by

Data Report
Item Number Remarks

(Name and address of manufacturer)

2.  Manufactured for
(Name and address of purchaser)

Certificate of Authorization: Type No. Expires
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NONMANDATORY APPENDIX D
GUIDE TO INFORMATION APPEARING ON CERTIFICATE

OF AUTHORIZATION

(See Fig. D-1)

ITEM DESCRIPTION

① a. The name of the Manufacturer or Assembler; this description could include “doing business
as” (DBA) or an abbreviation of the name.

b. The full street address, city, state or province, country, and zip code.

② This entry describes the scope and limitations, if any, on use of the Code Symbol Stamps, as
illustrated below. The scope for T Code Symbol Stamp shall also include the class or classes
authorized.

T Code Symbol Stamp
1. Manufacture of Transport Tanks at the above location only.
2. Manufacture of Transport Tanks at the above location only. (This authorization includes mul-

tiple duplicate Transport Tanks.)
3. Manufacture of Transport Tanks at the above location only. (This authorization does not

cover welding or brazing.)
4. Manufacture of Transport Tanks at the above location and field sites controlled by that

location.
5. Manufacture of Transport Tanks at the above location and field sites controlled by that

location. (This authorization does not cover welding or brazing.)
6. Manufacture of Transport Tanks at field sites controlled by the above location.
7. Manufacture of Transport Tanks at field sites controlled by the above location. (This authori-

zation does not cover welding or brazing.)

TV Code Symbol Stamp
1. Manufacture of Transport Tanks pressure relief valves at the above location only.
2. Manufacture of Transport Tanks pressure relief valves at the above location only. (This

authorization does not cover welding or brazing.)
3. Manufacture of Transport Tanks pressure relief valves at the above location only. (This

authorization does not cover welding or brazing.)

③ The date authorization was granted by the Society to use the indicated Code Symbol Stamp.

④ The date authorization to use the Code Symbol Stamp will expire.

⑤ A unique Certificate number assigned by the Society.

⑥ Code Symbol granted by the Society, i.e., T pressure vessels, TV pressure relief valves.

⑦,⑧ The signatures of the current chairman and director.
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Fig. D-1 Sample Certificate of Authorization
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NONMANDATORY APPENDIX E
RECOMMENDED PRACTICES FOR VACUUM INSULATED CARGO

TANKS AND PORTABLE TANKS FOR REFRIGERATED FLUIDS

E1 INTRODUCTION

Vacuum-insulated portable tanks and cargo tanks are
built to the requirements of a Competent Authority (CA)
having jurisdiction over their operation and use. The
scope of ASME does not extend beyond the pressure
boundaries of the pressure vessel up to the limits speci-
fied in TG-110.1. This Appendix is intended to cover
requirements that are not in the body of Section XII and
are not mandatory for meeting ASME requirements, but
are generally accepted good practices and may be man-
datory requirements by the CA; see TG-100.3. These
considerations are provided as guides to designers, man-
ufacturers, and operators. The practices covered by this
Appendix may be subject to additional requirements by
the jurisdiction (e.g., 49 CFR Part 178).

This Appendix provides generally accepted good
practices for cryogenic portable tanks, subject to the
requirements of Modal Appendix 3, Article 1, and for
cryogenic cargo tanks, subject to the requirements of
Modal Appendix 1, Article 4, regarding the following:

(a) metal insulating jackets
(b) insulation and holding times
(c) filling and discharge openings
(d) piping, valves, and fittings
(e) outage (ullage)
(f) supports, framework, lifting, and tiedown attach-

ments for portable tanks
(g) support, anchoring, and accident damage protec-

tion for cargo tanks
(h) leak tightness testing
(i) cleanliness

E2 DESIGN

(a) Design Checkoff Lists. A vacuum-insulated cargo
tank or portable tank should have its design docu-
mented in a design package containing the pertinent
calculations, drawings, test results, and analysis that
substantiate that the design is in accordance with the
rules pertaining to the tank. The checkoff list outlines
the components of a minimum design package for a
vacuum-insulated portable or cargo tank and includes
defined collision damage protection and structural
integrity. Load conditions need to be considered for the
worst-case conditions, including fully loaded tank
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loaded in worst-case operating conditions. Stress calcu-
lations are required for controlling design conditions
and optional for noncontrolling conditions provided it
is clear that such conditions are actually noncontrolling.
Test results may be substituted for calculations where
appropriate.

(b) Certification of Design. Those who perform a design
function on a pressure-retaining component should cer-
tify to the Design Certifying Engineer of the final cargo
tank that his/her design conforms to the provisions of
Section XII, the Competent Authority, and with the
applicable detailed requirements below. Parties per-
forming a manufacturing function only, to the design
approved by the Design Certifying Engineer of the final
cargo tank, should be required to issue a certificate of
compliance to the design documents approved by the
Design Certifying Engineer of the final cargo tank,
unless the Design Certifying Engineer and/or manufac-
turer assume responsibility for ensuring compliance to
the approved design.

(c) Design Checkoff List Requirements for Vacuum-
Insulated Cargo/Portable Tanks

(1) Structural Integrity
(a) Load Cases 1 through 5 per Tables 1-4.4-1

(normal operations) and 1-4.4-2 (fatigue conditions) of
Modal Appendix 1, Article 4 for applicable mode/
modes of transportation producing the highest load
factors

(b) supports and anchoring to meet the same
loads

(c) defined collision damage protection provi-
sions for valves, fittings, pressure relief devices, and
other accessories to the tank proper that require protec-
tion to avoid loss of tank lading if damaged and includ-
ing stresses at pressure boundaries where critical

(2) Vacuum Jacket and Insulation System
(a) vacuum jacket design calculations
(b) insulation compatibility with oxygen ladings

and other ladings below −183°C (−297°F)
(3) Miscellaneous

(a) safety relief devices calculations
(b) ullage determination calculations for pres-

sure control devices
(c) certification for cleanliness for oxygen service
(d) rear-end protection devices
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E3 INSULATING JACKETS

(a) The insulation on the inner vessel should be com-
pletely covered by a metal jacket. The jacket or insulation
should be so constructed and sealed as to prevent mois-
ture from coming into contact with the insulation.

(b) The jacket of a vacuum-insulated tank should be
designed for external pressure not less than 100 kPa
(1 bar or 14.5 psi) gauge pressure, calculated in accor-
dance with the requirements of this Section, or designed
for critical collapsing pressure of not less than 200 kPa
(2 bar or 29 psi) gauge pressure. Internal and external
reinforcements may be included in calculating the ability
of the jacket to resist the external pressure. Additional
requirements for jacket design are given in Part TD of
this Section.

(1) The critical collapsing pressure of the cylindrical
portion of the vacuum jacket should be determined
using the equation

Pc p 2.6E(t/Do)2.5 / [(L/Do) − 0.45(t/Do)0.5]

where
Do p outside diameter of vacuum jacket, mm (in.)
E p modulus of elasticity of outer jacket material,

MPa or kPa (psi)
L p distance between stiffening ring centers, mm

(in.). The heads are considered as stiffening
rings located one-third of the head depth from
the head tangent line.

Pc p critical collapsing pressure, MPa or kPa (psi)
t p thickness of outer jacket material, mm (in.)

(2) Stiffening rings, if used in designing the cylin-
drical portion of the vacuum jacket, should be as speci-
fied in Part TD, except as follows:

(a) Each stiffening ring should have a minimum
moment of inertia as determined by either of the follow-
ing equations:

I p 1.05D3L/E

or

I′ p 1.38D3L/E

where
D p outside diameter of the outer jacket, mm (in.)
E p modulus of elasticity of the stiffener material,

MPa (psi)
I p required moment of inertia of the stiffener

itself about a centroidal axis parallel to the
outer jacket axis, mm4 (in.4)

I′ p required moment of inertia of the combined
section of stiffener and effective width of vac-
uum jacket plate about a centroidal axis paral-
lel to the vacuum jacket axis, mm4 (in.4). The
nominal shell thickness, ts, should be used,
and the width of shell contributing to the
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moment of inertia of the combined section
should be no greater than 1.1�Dots and should
have one-half located on each side of the
centroid of the ring. The same portions of shell
plate should not contribute area to more than
one stiffening ring.

L p one-half the distance from the centerline of
the stiffening ring to the next line of support
on one side, plus one-half the distance from
the centerline of the stiffening ring to the next
line of support1 on the outside of the stiffening
ring, both measured parallel to the axis of the
vacuum jacket, mm (in.)

The required moment of inertia of the combined ring–
shell section should be maintained completely around
the circumference of the cylinder unless the adequacy
of the shell to carry the required critical collapse pressure
is demonstrated through finite element analysis method
verified with scale model tests of each type of design.

(b) The length of the attachment weld segments
should not be less than 50 mm (2 in.) and should have
a maximum clear spacing between toes of adjacent weld
segments of 12t for internal rings. Outside stiffening ring
attachment welds should be continuous. The number of
intermittent attachment welds on each ring shall be at
least 2n, where n, the number of buckling lobes, is
given by

n p 1.63(D3
o/L2t)0.25

where
Do p outside diameter of vacuum jacket, mm (in.)

L p distance between stiffening ring centers, mm
(in.). The heads are considered as stiffening
rings located one-third of the head depth from
the head tangent line.

t p thickness of vacuum jacket material, mm (in.)

(3) The critical collapsing pressure of vacuum jacket
heads should be determined using the equation

Pc p 0.25E(t/R)2

where
E p modulus of elasticity of head material, MPa or

kPa (psi)
Pc p critical collapsing pressure, MPa or kPa (psi)
R p inside dish radius of head, mm (in.). For ellip-

soidal heads, R p KoDo, where Ko is established
from Table TD-430, and Do is the outside diame-
ter of head.

t p thickness of head material, mm (in.)

1 A line of support is either a stiffening ring meeting the require-
ments of this paragraph or a circumferential line on a head at one-
third the depth of the head from the tangent line.
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(c) In addition to the external pressure, the vacuum
jacket, its fastenings, and supports should be designed
for the static forces obtained by multiplying the load
factors applicable for the transportation modes given in
Modal Appendix 3, Article 1, Table 3-1.5-1 for portable
tanks and Modal Appendix 1, Article 4, Table 1-4.4-1
for cargo tanks with the maximum weight imposed on
the vacuum jacket. The maximum weight imposed on
the vacuum jacket should include the weight of the vac-
uum jacket with all its enclosures including inner vessel
filled to the maximum permissible capacity, and the
weights of all items fastened to or supported from/to
the vacuum jacket, e.g., piping, controls, and cabinets.
Each load case should be considered separately, but all
forces in a load case should be considered acting simulta-
neously. The static forces obtained are equivalent to the
dynamic loads experienced during normal operating of
the transport vessel. The load factors for assessment of
fatigue life are specified in Table 3-1.5-2 for portable
tanks and Table 1-4.4-2 for cargo tanks.

(d) Vacuum Jacket Relief Device. On a vacuum-insulated
tank, the jacket should be protected with a suitable relief
device to release internal pressure as specified in
CGA S-1.2.

(e) Each vacuum-insulated cryogenic transportation
tank should be provided with a connection for a vacuum
gauge to indicate the absolute pressure within the insu-
lation space.

(f) Vacuum-insulated portable tanks are not required
to have an inspection opening. However, cargo tanks in
oxygen service should be provided with a manhole as
follows:

(1) Each tank in oxygen service should be provided
with a manhole, as prescribed in TD-690 of this Code.

(2) Each tank having a manhole should be provided
with a means of entrance and exit through the jacket,
or the jacket should be marked to indicate the manway
location on the tank.

(3) A manhole with a bolted closure may not be
located on the front head of the tank.

E4 INSULATION AND HOLDING TIMES

(a) The insulation system should comply with the
applicable requirements of (1) or (2) below:

(1) The exterior of the inner vessel should be insu-
lated with a material compatible with the lading. A
representative sample of the insulation system that can
come in contact with oxygen or condensed oxygen-
enriched air should be tested by touching the insulation
sample with a glowing platinum wire in 100% oxygen
atmosphere at 100 kPa (1 bar or 14.5 psi) pressure. The
sample should not sustain combustion.

(2) The insulation system should be compliant to
the applicable requirements of International Standards
Organization (ISO) 21010-2004.
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(b) Each transportation tank should have an insula-
tion system that will provide the required holding time.

(c) Holding time is the time, as determined by testing,
that will elapse from loading until the pressure of the
contents under equilibrium conditions reaches the low-
est set pressure of the pressure-limiting device(s) (e.g.,
pressure control valve or pressure-relief device). Hold-
ing time should be determined as specified in (e) below.

(d) A reference holding time should be determined
for each refrigerated liquefied gas intended for transport
in a portable tank. The reference holding time should
be determined by testing in accordance with the require-
ments of (e) below, considering the following factors:

(1) the effectiveness of the insulation system, deter-
mined in accordance with (e)

(2) the lowest set pressure of the pressure-limiting
device

(3) the initial filling conditions
(4) an assumed ambient temperature of 30°C (86°F)
(5) the physical properties of the individual refrig-

erated liquefied gas being transported
(e) The effectiveness of the insulation system (heat

influx in watts) may be determined by type testing the
portable tank in accordance with a procedure specified
in (h) below or by using the holding time test in (g)
below. This test should consist of either one of the
following:

(1) a constant pressure test (e.g., at atmospheric
pressure) when the loss of refrigerated liquefied gas is
measured over a period of time, as in (g) below

(2) a closed system test when the rise in pressure
in the shell is measured over a period of time, as in (h)
below

(f) When performing the constant pressure test, varia-
tions in atmospheric pressure should be taken into
account. When performing either test, corrections
should be made for any variations of the ambient tem-
perature from the assumed ambient temperature refer-
ence value of 30°C (86°F).

(g) Holding Time Test
(1) The test to determine holding time should be

performed by charging the tank with a cryogenic liquid,
having a boiling point, at a pressure of 1 atm absolute,
at a temperature not lower than the design temperature
of the tank. The tank should be charged to its maximum
permitted filling density with that liquid and stabilized
to the lowest practical pressure, which should be equal
to or less than the pressure to be used for loading. The
cargo tank together with its contents should then be
exposed to ambient temperature.

(2) The tank pressure and ambient temperature
should be recorded at 3-h intervals until the pressure
level of the contents reaches the set-to-discharge pres-
sure of the pressure control valve, or pressure relief
valve, with the lowest setting. This total time lapse in
hours represents the measured holding time at the actual
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average ambient temperature. This measured holding
time for the test cryogenic liquid should be adjusted to
an equivalent holding time for each cryogenic liquid
that is to be identified on or adjacent to the specification
plate, at an average ambient temperature of 30°C (86°F).
This is the rated holding time (RHT). The marked rated
holding time (MRHT) displayed on or adjacent to the
specification plate may not exceed this RHT [see Modal
Appendix 3, Article 1, 3-1.10].

(h) Optional Test
(1) If more than one transportation tank is made

to the same design type, only one transportation tank
should be subjected to the full holding time test at the
time of manufacture. However, each subsequent trans-
portation tank made to the same design should be per-
formance tested during its first trip. The holding time
determined in this test should not be less than 90% of
the marked rated holding time. (The term design type as
used in this paragraph is defined in Modal Appendix
3, Article 1 for portable tanks and the definition is also
applicable for cargo tanks.)

NOTE: This test should be performed in accordance with 49 CFR
173.318(g)(3) and 177.840(h), regardless of the classification of the
cryogenic liquid.

(2) As an optional test, in place of the holding time
tests prescribed in (g) above, the marked rated holding
time (MRHT) may be determined as follows:

(a) While the tank is stationary, the heat transfer
rate should be determined by measuring the normal
evaporation rate (NER) of the test cryogenic liquid (pref-
erably the lading, where feasible) maintained at approxi-
mately 1 atm. The calculated heat transfer rate for the
specified fluid/lading should be determined from

(SI Units)

qs p Qat
(hfgt)(vgt)
(vgt − vlt)

�
(303 − Tcs)
(Ta − Tct)

(U.S. Customary Units)

qs p Qat
(hfgt)(vgt)
(vgt − vlt)

�
(546 − Tcs)
(Ta − Tct)

where
hfgt p latent heat of vaporization of test fluid at test

pressure, J/kg (Btu/lb)
Qat p average measured rate of test fluid loss cor-

rected for atmospheric pressure variations
during the test, kg/s (lb/hr)

qs p calculated heat transfer rate to the specified
fluid/lading contained in the tank, W
(Btu/hr)

Ta p average temperature of outer vessel during
test, K (°R)

Tcs p saturation temperature of specified fluid/
lading at 1 atm pressure, K (°R)
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Tct p saturation temperature of test fluid at 1 atm
pressure, K (°R)

vgt p specific volume of vapor of test fluid at test
pressure, m3/kg (ft3/lb)

vlt p specific volume of liquid phase of test fluid
at test pressure, m3/kg (ft3/lb)

(b) The rated holding time (RHT) in hours should
be calculated as follows:

(SI Units)

RHT p [(U2 − U1)W] / 3 600qs

(U.S. Customary Units)

RHT p [(U2 − U1)W] / qs

where
qs p calculated heat transfer rate to cargo tank with

lading, W (Btu/hr)
U1 p internal energy for the combined liquid and

vapor lading at the pressure offered for trans-
portation, J/kg (Btu/lb)

U2 p set pressure of the applicable pressure control
valve or pressure relief valve, J/kg (Btu/lb)

W p total weight of the combined liquid vapor lad-
ing in the portable tank, kg (lb)

(c) The MRHT may not exceed the RHT.
(3) Alternatively, ISO 21014-2006 may be used for

determining the rated hold time (RHT).

E5 FILLING AND DISCHARGE OPENINGS

(a) Each filling and discharge opening in cryogenic
transport tanks used for the transport of flammable
refrigerated liquefied gases and oxygen refrigerated liq-
uefied gas should be fitted with at least three mutually
independent shutoff devices in series: first, a stop valve
situated as close as reasonably practicable to the jacket;
second, a stop valve; and third, a blank flange or equiva-
lent device. The shutoff device closest to the jacket
should be a remote-controlled self-closing device with
on-board remote means of automatic closure, both
mechanical/pneumatic and thermal. The thermal means
should consist of fusible elements actuated at a tempera-
ture of not more than 121°C (250°F), or equivalent
devices. On a transport tank over 3,500 gal water capac-
ity, remote means of automatic closure should be
installed at the ends of the transport tank in at least two
diagonally opposite locations. If the loading/unloading
connection at the transport tank is not in the general
vicinity of one of these locations, at least one additional
thermal device should be installed so that the heat from
a fire in the loading/unloading connection area will
activate the emergency control system. On a transport
tank of 3,500 gal water capacity or less, at least one
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remote means of automatic closure should be installed
on the end of the transport tank farthest away from
the loading/unloading connection area. At least one
thermal device should be installed so that heat from
a fire in the loading/unloading connection area will
activate the emergency control system.

(b) Each filling and discharge opening in transport
tanks used for the transport of nonflammable refriger-
ated liquefied gases should be fitted with at least two
mutually independent shutoff devices in series: first, a
stop valve situated as close as reasonably practicable to
the jacket; and second, a blank flange or equivalent
device. Unless the stop valve is manually operable at
the valve, the line should also have a manual shutoff
valve.

(c) Each filling and discharge opening on a transport
tank should be clearly marked to indicate its function.

E6 PIPING, VALVES, AND FITTINGS

(a) Each connection on a transport tank should be
clearly marked to indicate its function.

(b) The materials of construction of valves and acces-
sories should have satisfactory properties at the lowest
operating temperature of the transport tank. For cargo
tanks, unless the valve is located in a rear cabinet for-
ward of and protected by the bumper, the design and
installation of each valve, damage to which could result
in loss of liquid or vapor, should incorporate a shear
section or breakage groove adjacent to, and outboard
of, the valve. The shear section or breakage groove
should yield or break under strain without damage to
the valve that would allow the loss of liquid or vapor.

(c) All piping valves and fittings should be grouped
and protected from damage as required by the
jurisdiction.

(d) For sections of piping that can be closed at both
ends and where liquid product can be trapped, auto-
matic pressure relief should be provided to prevent
excess pressure buildup within the piping.

(e) When a pressure-building coil is used on a tank,
the vapor connection to that coil should be provided
with a valve or check valve as close to the tank as possible
to prevent the loss of vapor from the tank in case of
damage to the coil. The liquid connection to that coil
should also be provided with a valve located as close
to the tank as possible.

(f) Pressure Relief Devices for Piping Hose and Vacuum-
Insulated Jackets. Each portion of connected liquid piping
or hose that can be closed at both ends should be pro-
vided with a relief valve. The valve should be located
so as to prevent its discharge from impinging on the
tank, piping, or operating personnel. Sealed vacuum-
insulated jackets should be provided with a suitable
relief device to release internal pressure.
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E7 OUTAGE (ULLAGE)

Except for a tank containing helium, cryogenic liquid,
a tank should have an outage of at least 2% below the
inlet of the pressure-relief device or pressure-control
valve, under conditions of incipient opening, with the
tank in a level attitude. No outage is required for helium.

E8 SUPPORTS, FRAMEWORK, LIFTING, AND
TIE-DOWN ATTACHMENTS FOR PORTABLE
TANKS

(a) Each portable tank should be designed and con-
structed with a support structure to provide a secure
base during transport. The loads specified in 3-1.5(a) of
Modal Appendix 3, Article 1 should be used for design
of the support structure. Skids, framework, cradles, or
similar structures acceptable to the Jurisdictional
Authorities [e.g., see 49 CFR 178.274(h)] may be used.
(See also Nonmandatory Appendix A.)

(b) All portable tanks should have permanent lifting
and tie-down attachments. Where possible, they should
be attached to the portable tank supports, but may also
be attached reinforcing plates located on the vessel at
points of support.

(c) The combined stresses resulting from the portable
tank mountings (e.g., cradles, framework), lifting, and
tie-down attachments should not exceed the allowable
stresses in 3-1.5(c).

(d) The design of supports and framework should
consider the effects of environmental corrosion.

(e) Forklift pockets shall be capable of being closed
off. The means of closing forklift pockets shall be a per-
manent part of the framework or should be permanently
attached to the framework. Single-compartment porta-
ble tanks having a length less than 3.65 m (12 ft) need
not have closed-off forklift pockets, provided that

(1) the vessel and all the fittings are protected from
being hit by the forklift blades

(2) the distance between the centers of the forklift
pockets is at least half of the maximum length of the
portable tank

(f) During transport, the tanks should be adequately
protected against damage to the pressure vessel and
service equipment resulting from lateral and longitudi-
nal impact and overturning. External fittings should be
protected so as to preclude the release of the vessel
contents upon impact or overturning of the portable
tank on its fittings. Examples of protection include

(1) protection against lateral impact, which may
consist of longitudinal bars protecting the vessel shell
on both sides at the level of the median line

(2) protection of the portable tank against overturn-
ing, which may consist of reinforcement rings or bars
fixed across the frame

(3) protection against rear impact, which may con-
sist of a bumper or a frame
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(4) protection against vessel shell damage from
impact or overturning by use of an ISO frame in accor-
dance with ISO 1496-3:1995

(5) protection of the portable tank from impact or
overturning by a vacuum insulation jacket

(g) When the portable tank cannot be adequately pro-
tected against damage to the pressure vessel and service
equipment from lateral and longitudinal impact and
overturning, the pressure vessel and the service equip-
ment should be designed and constructed to withstand
the forces resulting from impact or overturning (see
TD-200 and 3-1.5).

E9 SUPPORT, ANCHORING, AND COLLISION
PROTECTION FOR CARGO TANKS

(a) Each portable tank should be designed and con-
structed to the loads specified in 1-4.4.

(b) All valves, fittings, pressure-relief devices, and
other accessories to the tank proper that are not isolated
from the tank by closed intervening shutoff valves or
check valves should be installed within the motor vehi-
cle framework or within a suitable collision-resistant
guard or housing, and appropriate ventilation should
be provided. Each pressure-relief device should be pro-
tected so that in the event of the upset of the vehicle
onto a hard surface, the device’s opening will not be
prevented and its discharge will not be restricted.

(c) Each protective device or housing, and its attach-
ment to the vehicle structure, should be designed to
withstand static loading in any direction that it may be
loaded as a result of front, rear, side, or sideswipe colli-
sion, or the overturn of the vehicle. The static loading
should equal twice the loaded weight of the tank and
attachments. A safety factor of 4, based on the tensile
strength of the material, should be used. The protective
device or the housing should be made of steel at least
3⁄16 in. thick or other material of equivalent strength.

(d) Rear-end tank protection devices should meet one
of the following:

(1) consist of at least one rear bumper designed to
protect the cargo tank and piping in the event of a rear-
end collision. The rear-end tank protection device design
should transmit the force of the collision directly to the
chassis of the vehicle. The rear-end tank protection
device and its attachments to the chassis should be
designed to withstand a load equal to twice the weight
of the loaded cargo tank and attachments, using a safety
factor of 4 based on the tensile strength of the materials
used, with such load being applied horizontally and
parallel to the major axis of the cargo tank. The rear-
end tank protection device dimensions should meet the
requirements of 49 CFR 393.86 and extend vertically to
a height adequate to protect all valves and fittings
located at the rear of the cargo tank from damage that
could result in loss of lading.
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(2) conform to the requirements of 49 CFR
178.345-8(b). Each outlet, projection, or piping located
in the lower one-third of the cargo tank circumference
(or cross section perimeter for noncircular cargo tanks)
which is not installed within the motor vehicle frame-
work and could be damaged in a collision that may
result in the loss of lading should be protected with a
protection device that has a minimum thickness of 5 mm
(3⁄16 in.) and attached to the vacuum jacket through a
reinforcement pad extending at least 50 mm (2 in.)
beyond the protective device in all directions and with
a thickness equal to the thickness of the vacuum jacket
or 5 mm (3⁄16 in.), whichever is less, except as provided
by 49 CFR 173.33(e). Outlets, projections, and piping
may be grouped or clustered together and protected by
a single protection device.

(e) Every part of the loaded cargo tank, and any asso-
ciated valve, pipe, enclosure, or protective device or
structure (exclusive of wheel assemblies), should be at
least 14 in. above level ground.

E10 PRESSURE TESTING

Each vacuum-insulated portable tank and cargo tank
used for transporting refrigerated fluids should be sub-
jected to a pressure test as follows before putting into
service:

NOTE: For vacuum-jacketed tanks, the test may be a pneumatic
test with the test media consisting of at least a 10% mixture of
helium gas with 90% of an inert gas. For nonvacuum-jacketed
tanks, the test may be either pneumatic or hydrostatic.

(a) The tank being tested should be fully assembled
with all piping, fittings, valves, and pressure relief
devices ready to be put into service. All components of
the completed transport tank should be tested for leaks
and operation under pressure.

(b) All piping circuits that could be exposed to the
pressure in the inner vessel should be subjected to the
pressure test with pressure from the inner vessel through
the tank piping. Piping downstream of pressure relief
devices should be tested using pressure from external
sources.

(c) Pressure relief devices should be rendered inoper-
ative by pressurizing upstream and downstream piping
simultaneously.

(d) Test pressure should be maintained for at least
10 min.

(e) Safeguards should be provided to protect person-
nel in cases of failure.

(f ) The test pressure should be 130% of the tank
design pressure.

(g) Helium mass spectrometer leak testing should be
used for the vacuum-jacketed parts of the tank and any
suitable leak test methods like soap solution may be
used for the nonvacuum-jacketed parts of the tank.

(h) Leakage during pressure test constitutes failure.

(10)
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(i) Tanks should be retested after repair or replace-
ment of the components that failed the pressure test.

(j) Test results should be recorded as required by
TP-600.

E11 CLEANLINESS

A cargo tank constructed for oxygen service should
be thoroughly cleaned to remove all foreign material in
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accordance with CGA G-4.1. All loose particles from
fabrication, e.g., weld beads, dirt, grinding wheel debris,
and other loose materials, should be removed prior to
the final closure of the manhole of the tank. Chemical
or solvent cleaning with a material compatible with the
intended lading should be performed to remove any
contaminants likely to react with the lading.
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NONMANDATORY APPENDIX F
RECOMMENDED PRACTICES FOR NONCRYOGENIC

PORTABLE TANKS

(In preparation)
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NONMANDATORY APPENDIX G
GUIDANCE FOR THE USE OF U.S. CUSTOMARY AND SI UNITS

IN THE ASME BOILER AND PRESSURE VESSEL CODE

G1 USE OF UNITS IN EQUATIONS

The equations in this Nonmandatory Appendix are
suitable for use with either the U.S. Customary or the
SI units provided in Mandatory Appendix XII, or with
the units provided in the nomenclature associated with
that equation. It is the responsibility of the individual
and organization performing the calculations to ensure
that appropriate units are used. Either U.S. Customary
or SI units may be used as a consistent set. When neces-
sary to convert from one system of units to another,
the units shall be converted to at least three significant
figures for use in calculations and other aspects of
construction.

G2 GUIDELINES USED TO DEVELOP SI
EQUIVALENTS

The following guidelines were used to develop SI
equivalents:

(a) U.S. Customary units are placed in parentheses
after the SI units in the text.

(b) In general, separate SI tables are provided if inter-
polation is expected. The table designation (e.g., table
number) is the same for both the U.S. Customary and
SI tables, with the addition of suffix “M” to the designa-
tor for the SI table, if a separate table is provided. In
the text, references to a table use only the primary table
number (i.e., without the “M”). For some small tables,
where interpolation is not required, U.S. Customary
units are placed in parentheses after the SI unit.

(c) Separate SI versions of graphical information
(charts) are provided, except that if both axes are dimen-
sionless, a single figure (chart) is used.

(d) In most cases, conversions of units in the text were
done using hard SI conversion practices, with some soft
conversions on a case-by-case basis, as appropriate. This
was implemented by rounding the SI values to the num-
ber of significant figures of implied precision in the
existing U.S. Customary units. For example, 3,000 psi
has an implied precision of one significant figure. There-
fore, the conversion to SI units would typically be to
20 000 kPa. This is a difference of about 3% from the
“exact” or soft conversion of 20 684.27 kPa. However,
the precision of the conversion was determined by the
Committee on a case-by-case basis. More significant dig-
its were included in the SI equivalent if there was any
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question. The values of allowable stress in Section II,
Part D generally include three significant figures.

(e) Minimum thickness and radius values that are
expressed in fractions of an inch were generally con-
verted according to the following table:

Proposed
Fraction, in. SI Conversion, mm Difference, %

1⁄32 0.8 −0.8
3⁄64 1.2 −0.8
1⁄16 1.5 5.5
3⁄32 2.5 −5.0
1⁄8 3 5.5
5⁄32 4 −0.8
3⁄16 5 −5.0
7⁄32 5.5 1.0
1⁄4 6 5.5
5⁄16 8 −0.8
3⁄8 10 −5.0
7⁄16 11 1.0
1⁄2 13 −2.4
9⁄16 14 2.0
5⁄8 16 −0.8

11⁄16 17 2.6
3⁄4 19 0.3
7⁄8 22 1.0
1 25 1.6

(f) For nominal sizes that are in even increments of
inches, even multiples of 25 mm were generally used.
Intermediate values were interpolated rather than con-
verting and rounding to the nearest mm. See examples
in the following table. [Note that this table does not
apply to nominal pipe sizes (NPS), which are covered
below.]

Size, in. Size, mm

1 25
11⁄8 29
11⁄4 32
11⁄2 38
2 50

21⁄4 57
21⁄2 64
3 75

31⁄2 89
4 100

41⁄2 114
5 125
6 150
8 200
12 300
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Size, in. Size, mm

18 450
20 500
24 600
36 900
40 1 000
54 1 350
60 1 500
72 1 800

Size or Length, ft Size or Length, m

3 1
5 1.5

200 60

(g) For nominal pipe sizes, the following relationships
were used:

U.S. U.S.
Customary Customary

Practice SI Practice Practice SI Practice

NPS 1⁄8 DN 6 NPS 20 DN 500
NPS 1⁄4 DN 8 NPS 22 DN 550
NPS 3⁄8 DN 10 NPS 24 DN 600
NPS 1⁄2 DN 15 NPS 26 DN 650
NPS 3⁄4 DN 20 NPS 28 DN 700
NPS 1 DN 25 NPS 30 DN 750
NPS 11⁄4 DN 32 NPS 32 DN 800
NPS 11⁄2 DN 40 NPS 34 DN 850
NPS 2 DN 50 NPS 36 DN 900
NPS 21⁄2 DN 65 NPS 38 DN 950
NPS 3 DN 80 NPS 40 DN 1000
NPS 31⁄2 DN 90 NPS 42 DN 1050
NPS 4 DN 100 NPS 44 DN 1100
NPS 5 DN 125 NPS 46 DN 1150
NPS 6 DN 150 NPS 48 DN 1200
NPS 8 DN 200 NPS 50 DN 1250
NPS 10 DN 250 NPS 52 DN 1300
NPS 12 DN 300 NPS 54 DN 1350
NPS 14 DN 350 NPS 56 DN 1400
NPS 16 DN 400 NPS 58 DN 1450
NPS 18 DN 450 NPS 60 DN 1500

(h) Areas in square inches (in.2) were converted to
square mm (mm2) and areas in square feet (ft2) were
converted to square meters (m2). See examples in the
following table:

Area (U.S. Customary) Area (SI)

1 in.2 650 mm2

6 in.2 4 000 mm2

10 in.2 6 500 mm2

5 ft2 0.5 m2

(i) Volumes in cubic inches (in.3) were converted to
cubic mm (mm3) and volumes in cubic feet (ft3) were
converted to cubic meters (m3). See examples in the
following table:

Volume (U.S. Customary) Volume (SI)

1 in.3 16 000 mm3

6 in.3 100 000 mm3

10 in.3 160 000 mm3

5 ft3 0.14 m3
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(j) Although the pressure should always be in MPa
for calculations, there are cases where other units are
used in the text. For example, kPa is used for small
pressures. Also, rounding was to one significant figure
(two at the most) in most cases. See examples in the
following table. (Note that 14.7 psi converts to 101 kPa,
while 15 psi converts to 100 kPa. While this may seem
at first glance to be an anomaly, it is consistent with the
rounding philosophy.)

Pressure (U.S. Customary) Pressure (SI)

0.5 psi 3 kPa
2 psi 15 kPa
3 psi 20 kPa
10 psi 70 kPa

14.7 psi 101 kPa
15 psi 100 kPa
30 psi 200 kPa
50 psi 350 kPa
100 psi 700 kPa
150 psi 1 MPa
200 psi 1.5 MPa
250 psi 1.7 MPa
300 psi 2 MPa
350 psi 2.5 MPa
400 psi 3 MPa
500 psi 3.5 MPa
600 psi 4 MPa

1,200 psi 8 MPa
1,500 psi 10 MPa

(k) Material properties that are expressed in psi or ksi
(e.g., allowable stress, yield and tensile strength, elastic
modulus) were generally converted to MPa to three sig-
nificant figures. See example in the following table:

Strength (U.S. Customary) Strength (SI)

95,000 psi 655 MPa

(l) In most cases, temperatures (e.g., for PWHT) were
rounded to the nearest 5°C. Depending on the implied
precision of the temperature, some were rounded to the
nearest 1°C or 10°C or even 25°C. Temperatures colder
than 0°F (negative values) were generally rounded to
the nearest 1°C. The examples in the table below were
created by rounding to the nearest 5°C, with one
exception:

Temperature, °F Temperature, °C

70 20
100 38
120 50
150 65
200 95
250 120
300 150
350 175
400 205
450 230
500 260
550 290
600 315
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Temperature, °F Temperature, °C

650 345
700 370
750 400
800 425
850 455
900 480
925 495
950 510

1,000 540
1,050 565
1,100 595
1,150 620
1,200 650
1,250 675
1,800 980
1,900 1 040
2,000 1 095
2,050 1 120

G3 SOFT CONVERSION FACTORS

The following table of “soft” conversion factors is
provided for convenience. Multiply the U.S. Customary
value by the factor given to obtain the SI value. Similarly,
divide the SI value by the factor given to obtain the
U.S. Customary value. In most cases it is appropriate to
round the answer to three significant figures.
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U.S.
Customary SI Factor Notes

in. mm 25.4 . . .
ft m 0.3048 . . .
in.2 mm2 645.16 . . .
ft2 m2 0.09290304 . . .
in.3 mm3 16,387.064 . . .
ft3 m3 0.02831685 . . .
U.S. gal. m3 0.003785412 . . .
U.S. gal. liters 3.785412 . . .
psi MPa 0.0068948 Used exclusively in

(N/mm2) equations
psi kPa 6.894757 Used only in text

and for name-
plate

psi bar 0.06894757 . . .
ft-lb J 1.355818 . . .
°F °C 5⁄9 � (°F − 32) Not for temperature

difference
°F °C 5⁄9 For temperature

differences only
R K 5⁄9 Absolute temperature
lbm kg 0.4535924 . . .
lbf N 4.448222 . . .
in-lb N·mm 112.98484 Use exclusively in

equations
ft-lb N·m 1.3558181 Use only in text
ksi�in. MPa�m 1.0988434 . . .
Btu/hr W 0.2930711 Use for boiler rating

and heat transfer
lb/ft3 kg/m3 16.018463 . . .
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NONMANDATORY APPENDIX H
GUIDANCE FOR DESIGN OF SUPPORTS AND SAFETY DEVICES

FOR CARGO TANKS

H1 SCOPE AND INTRODUCTION

Cargo tanks are designed and built to the require-
ments of a Competent Authority (CA) having jurisdic-
tion over their operation and use. The scope of ASME
does not extend beyond the pressure boundaries of the
cargo tank up to the limits specified in TG-110.1. This
Appendix is intended to cover requirements that are not
in the body of Section XII and are not mandatory for
meeting ASME requirements, but are associated with
the pressure boundary and may be a mandatory require-
ment by the CA; see TG-100.3. These considerations are
provided as guides to designers, manufacturers, and
operators.

H2 DEFINITIONS

The following definitions define the terminology used
in this Appendix. Definitions relating to the pressure
boundary of transport tanks in general are found in
Mandatory Appendix III and definitions for specific
types of transport tanks may be found in one of the
Modal Appendices.

bottom damage protection (piping protection device): the
structure designed to protect piping, valves, fittings, and
other accessories permanently attached to the cargo tank
vessel that contain lading during transportation from a
side-impact incident as defined in this section.

incident (accident) damage protection device: a rear-end pro-
tection device, rollover protection device (overturn pro-
tection device), or bottom damage protection device
(piping protection device).

rear bumper (impact guard): the structure designed to pre-
vent a vehicle or object from under-riding the rear of
another motor vehicle and that must conform to Federal
Motor Vehicle Safety Standard (FMVSS) §571.224,
Standard No. 224, Rear Impact Protection.

rear-end protection device: the structure designed to pro-
tect a cargo tank and any piping, valves, fittings, and
other accessories permanently attached to the cargo tank
vessel that contain lading during transportation from a
rear-end incident as defined in this section.

rollover protection (overturn protection device): the design
of the structure to protect any piping, valves, fittings,
and other accessories, or the item(s) themselves perma-
nently attached to the cargo tank vessel that contain
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lading during transportation from a rollover incident as
defined in this section.

sacrificial device: an item that is designed to fail under
load in order to prevent damage to piping, valve, fittings,
or other accessories that contain lading during transpor-
tation, such as a shear section. The device breaks under
strain at no more than 70% of the strength of the weakest
piping element between the pressure-retaining bound-
ary and the sacrificial device. Operation of the sacrificial
device leaves the remaining piping, valves, fittings, and
other accessories attached to the pressure boundary
intact and capable of retaining lading.

shear section: a sacrificial device fabricated in such a
manner as to abruptly reduce the wall thickness of the
adjacent piping or valve material by at least 30%.

H3 RECOMMENDED CARGO TANK MOTOR VEHICLE
DESIGN PROCEDURES

H3.1 Design Checkoff Lists

A cargo tank motor vehicle of any category should
have its design documented in a design package con-
taining the pertinent calculations, drawings, test results,
and analysis that substantiates that the design is in accor-
dance with the rules pertaining to the category. The
checkoff list outlines the components of a minimum
design package for a particular cargo tank motor vehicle
and includes defined incident damage protection and
structural integrity. Load conditions need to be consid-
ered for worst-case conditions, including

(a) fully loaded tank with compartments as applica-
ble, loaded in worst-case operating conditions

(b) prescribed vacuum conditions as applicable in the
product space with partial load (not required for
dynamic load conditions)

Stress calculations are required for controlling design
conditions and optional for noncontrolling conditions,
provided it is clear that such conditions are actually
noncontrolling. Test results may be substituted for calcu-
lations where appropriate.

H3.2 Certification of Design

Those persons who perform a design function on a
pressure-retaining component should certify to the
Design Certifying Engineer of the final cargo tank motor

(10)
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vehicle manufacturer that their designs conform to the
provisions of Section XII, the Competent Authority, and
with the applicable detailed requirements below. Parties
performing a manufacturing function only, to the design
approved by the Design Certifying Engineer of the final
cargo tank motor vehicle, should be required to issue a
certificate of compliance to the design documents
approved by the Design Certifying Engineer of the final
cargo tank motor vehicle.

H3.3 Design Checkoff List Requirements for Category
406, 407, and 412 Cargo Tank Motor Vehicles

(a) Structural Integrity Calculations
(1) see Load Conditions A through F in Modal

Appendix 1, Article 1, 1-1.4
(2) calculations verifying adequacy of support sad-

dles, rings, and brackets under worst-load conditions,
including those involved in supporting external weights,
e.g., pumps attached to the tank

(b) Rear-End Protection Calculations
(1) rear-end protection device designed with speci-

fied loads
(2) rear-end protection device mounting arms

should be designed to resist bending moments caused
by an eccentric mounting

(c) Bottom-Damage Protection Calculations
(1) design of protective structures
(2) calculation of local stresses at tank pressure

boundaries due to loads from bottom-damage protective
structure, including shell rings and saddles

(3) if wheel attachments or other elements are used
for absorbing bottom-damage protection loads, calcula-
tions justifying their use, including stresses induced in
the tank pressure boundary, should be provided

(d) Overturn Protection Calculations
(1) design of overturn protective structures
(2) design and calculation of stresses in pressure

boundary due to overturn loads and including support
pads, rings, and baffles

(3) if a fitting is designed to protect itself, calcula-
tions of fitting and pressure boundary stresses should
be provided

(e) Other Design Checks
(1) stresses in pressure boundary and stiffeners and

pads due to external piping and heavy attachment loads
(2) spring-loaded attachment design

H3.4 Design Checkoff List Requirements for
Category 331 Cargo Tank Motor Vehicles

(a) Tank vessel drawing available specifying
(1) intended lading
(2) MAWP
(3) minimum and maximum operating

temperature
(4) vacuum service if required
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(5) tank wall and nozzle materials of construction
and thickness

(6) head details and joint configuration
(7) nozzle details and joint configurations, includ-

ing manways, flanges, and covers
(8) weld seam details, radiography, and other NDT

specifications
(9) relief valve specifications and nozzle

configurations
(10) gauge configuration and internal piping and

volumetric fill conditions
(11) external and internal pad details, material

specifications, dimensions, configuration, and thickness
(b) Gross vehicle weight rating (GVWR) and expected

load at each vehicle axle and/or vessel support
(c) Insulation and jacket drawing (if used), including

dimensions, configuration, and material specifications
(d) Cargo tank structural and defined incident protec-

tion device drawings specifying
(1) configuration and dimensions
(2) material specifications

(e) Tank pressure, minimum thickness, and relief
valve calculations

(1) tank MAWP meets minimum requirements for
proposed lading

(2) tank wall thickness meets minimum required
for MC331 specification and for proposed lading

(3) tank wall thickness meets Section XII require-
ments for hoop stress, weld joint efficiency, and vacuum
service

(4) stiffening rings adequate for vacuum service, if
required

(5) nozzle reinforcement, flange configuration,
manway covers, and weld joint configuration meet
Section XII criteria

(6) relief valve capacity adequate for surface area
of tank (see CGA S-1.2)

(f) Tank openings and nozzles should meet minimum
requirements for proposed lading

(1) relief valve configuration and nozzles should
meet minimum requirements for proposed lading

(2) gauging, nozzle, and internal piping configura-
tion should meet minimum requirements for proposed
lading [see (m) below]

(3) manway and manway cover configuration
should meet minimum requirements for proposed
lading

(g) Insulation and jacket requirements should meet
type and minimum thermal properties requirements
specified for cargo tank specification and for proposed
lading

(h) Structural integrity calculations (as indicated and
required for tank support configuration)

(1) tank fully supported by longitudinal frame or
by 120 deg cradles.
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(2) static load conditions with full tanks and maxi-
mum internal pressure.

(3) normal operating load conditions with 0.35G
vertical surcharge, 0.35G longitudinal force, and 0.2G
lateral load distributed. The longitudinal force should
be applied separately as accelerative and decelerative
at wheels and fifth wheel.

(4) extreme dynamic loading conditions 1.7G verti-
cal load distributed, extreme dynamic loading condi-
tions 0.7G longitudinal load at road surface or fifth
wheel pivot, or extreme dynamic loading conditions
0.4G lateral load at road surface or fifth wheel pivot.

(5) an emergency decelerative load of 2G applied
to the tank. A design stress of 0.75 � ultimate tensile
strength is allowed for this condition. The other load
conditions should meet Code allowable stresses.

(6) calculations verifying adequacy of support sad-
dles, and brackets under worst-load conditions, includ-
ing those involved in supporting external weights, e.g.,
pumps attached to the tank.

(i) Anchor device calculations for truck-mounted
tanks

(j) Fatigue stress calculations as required
(k) Rear-end protection device calculations
(l) All other piping and relief valve protection

calculations
(1) relief valve overturn protection
(2) top piping overturn protection
(3) side and bottom piping impact protection

(m) Stress calculations at pressure boundary for exter-
nal loads, such as defined incident loads and concen-
trated support loads

(n) Maximum allowable payload weight calculation
(o) Lading height and volumetric fixed gauge levels

calculations for each allowable fill condition and gross
water-filled weight [see (e)(2) above]

(p) Other design checks required for proposed lading
or special service

H4 SUPPORT STRUCTURE AND DEFINED INCIDENT
PROTECTION

H4.1 Category 400 Cargo Tanks

Category 400 cargo tanks are required to have defined
incident damage protection to guard against loss of lad-
ing resulting from such incidents. The types of incidents
involve rollover, rear-end, and bottom impacts and may
result in damage to the cargo tank pressure boundary
but with minimal or no loss of lading. The design loads
and stresses are indicated in Modal Appendix 1 (MA-1),
Article 1, 1-1.6, as are the provisions for absorbing those
loads into the tank starting from the pressure boundaries
of the part of the cargo tank motor vehicle containing
lading. This paragraph covers the parts of the protection
system beyond the pressure boundaries and the rules
governing these parts.
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(a) Rollover Protection. Rollover protection consists of
protective structures surrounding protuberances on the
tank pressure boundary that contain lading during
transportation, intended to shield them from damage
during a defined incident, or design of the protuberances
themselves to resist these loads. The design stresses are
defined in MA-1 for both pressure-retaining elements
and nonpressure-retaining elements. The protective
structures can be rail type, discrete protection (i.e., tomb-
stones), doublers on pressure-retaining parts, or other
means. Structural design should be based on the
American Institute of Steel Construction’s (AISC) Steel
Construction Manual and on the Aluminum
Association’s Aluminum Construction Manual (ACM),
Section 1, Specification for Aluminum Structures —
Building and Other Type Structures.

(b) Rear-End Protection. Rear-end protection should
consist of a structure surrounding rear-end nozzles or
rear head containing lading in normal transit that can
absorb a load of twice the gross vehicle weight (GVW)
applied uniformly across the extent of the rear bumper,
at an angle of 10 deg from the longitudinal axis of the
vehicle. The rear-end protection should not be more
than 150 cm (60 in.) from the ground, with a minimum
longitudinal horizontal clearance of 15 cm (6 in.) from
the transit lading boundary and with the protection
extending at least 10 cm (4 in.) below the transit lading
boundary. The rear-end protection should extend to
within 45 cm (18 in.) of the widest part of the motor
vehicle at the rear. AISC and ACM specifications apply
as in (a) above. Stresses in structures should not exceed
the ultimate tensile strength.

(c) Bottom Damage Protection. Each outlet or group of
outlets in the lower one-third of the cargo tank perimeter
that could be damaged in a defined incident that may
result in loss of lading should be protected by a bottom-
damage protection device extending at least 15 cm (6 in.)
beyond the transit lading boundary. The device should
resist loads in all horizontal directions. Suspension com-
ponents and structural mounting members can be used
to provide all or part of this protection. AISC and ACM
specifications apply as in (a) above.

H5 MARKING OF CARGO TANKS AND CARGO
TANK MOTOR VEHICLES

H5.1 Certification
The manufacturer should certify that each cargo tank

and cargo tank motor vehicle has been designed, con-
structed, and tested in accordance with the applicable
category specifications. Quantities should be expressed
in units acceptable to the Competent Authority and, as
a minimum, one category of consistent units should be
used throughout.

H5.2 Certification Method

(a) Certification should be accomplished by marking
the cargo tank (CT) and cargo tank motor vehicle
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(CTMV) with nameplates as prescribed in the subsec-
tions of this Appendix as applicable.

(b) CT and CTMV information may be displayed on
a single nameplate.

H5.3 Nameplate

(a) The nameplate(s) thickness should be sufficient to
resist distortion due to the application of the marking
and to be compatible with the method of attachment.
The nameplate(s) nominal thickness should not be less
than 0.50 mm (0.020 in.).

(b) Nameplate(s) may have markings produced by
either casting, etching, embossing, debossing, stamping,
or engraving, except that the Code Symbol should be
stamped on the nameplate.

(1) The required markings on the nameplate(s)
should be in characters not less than 4 mm (5⁄32 in.) high.

(2) Characters should be either indented or raised
at least 0.10 mm (0.004 in.) and should be legible and
readable.

(c) The nameplate(s) may be marked before it is
affixed to the vessel, in which case the Manufacturer
should ensure that the nameplate with the correct mark-
ing has been applied to the proper vessel, and the
Inspector should satisfy himself/herself that this has
been accomplished.

(d) The nameplate(s) should be attached to the vessel
or to a pad, bracket, or structure that is welded, brazed,
or soldered directly to the vessel. The nameplate should
be located within 760 mm (30 in.) of the vessel. Name-
plate(s) should be affixed on the street side of the vehicle
near the front of the cargo tank (or the front-most cargo
tank of a multicargo tank motor vehicle), in a place
readily accessible for inspection. Removal should
require the willful destruction of the nameplate(s) or its
attachment system.

(1) Nameplate(s) may be attached by welding,
brazing, or soldering.

(2) Nameplate(s) may be attached by tamper-resis-
tant mechanical fasteners of suitable metal construction.

(3) Nameplate(s) may be attached with pressure-
sensitive acrylic adhesive systems, provided that, in
addition to the requirements of this paragraph, those of
Mandatory Appendix XI are met.

(e) An additional nameplate(s) in accordance with (a)
through (d) may be installed on the skirt, supports,
jacket, or other permanent attachment to a vessel. All
data on the additional plate, including the Code Symbol,
should be as required for the mandatory nameplate. The
marking need not be witnessed by the Inspector. The
additional nameplate should be marked “DUPLICATE.”

H5.4 General Marking Requirements

(a) The following information should be marked on
the CT nameplate (parenthetical abbreviations may be
used; example values are italicized):
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(1) Cargo Tank Certified by (CT Cert. by)
(2) Cargo Tank Manufacturer: (CT Mfr.:)
(3) Cargo Tank Manufacturer Serial Number: (Mfr.

S/N:)
(4) Cargo Tank Category Number (CAT: 406)1,2

(5) Original Test Date: (Orig. Test Date:)
(6) Max. Allowable Working Pressure: (MAWP:)
(7) Cargo Tank Test Pressure: (CT Test P.:)
(8) Cargo Tank Design Temperature Range: (CT

Temp. Range:)
(9) Nominal Capacity: (Water Cap.:)
(10) Exposed Surface Area: (ESA:)
(11) Shell Material Specification: (Shell Matl.:

SA-516-70)3

(12) Head Material Specification: (Head Matl.:
SA-516-70)3

(13) Shell Min. Thickness: (Min. Shell Thick.:)4

(14) Head Min. Thickness: (Min. Head Thick.:)
(15) Lining Material: (Lining:), if applicable
(16) Maximum Load Rate: (Max. Load Rate:), if

applicable
(17) Maximum Unload Rate: (Max. Unload Rate:),

if applicable
(18) Heating System Design Pressure: (Heat Sys.

P.:), if applicable
(19) Heating System Design Temperature: (Heat

Sys. Temp.:), if applicable
(b) The following information should be marked on

the CTMV nameplate (parenthetical abbreviations may
be used):

(1) CTMV Certified by (CTMV Cert. by)
(2) Cargo Tank Motor Vehicle Manufacturer:

(CTMV Mfr.:)
(3) Cargo Tank Motor Vehicle Certification Date:

(CTMV Cert. Date:)
(4) Cargo Tank Motor Vehicle Serial Number:

(CTMV S/N:)5

(5) Cargo Tank Manufacturer: (CT Mfr.:)
(6) Cargo Tank Manufacturer Serial Number: (CT

S/N:)
(7) Maximum Weight of Lading: (Max. Payload:)
(8) Heating System Design Pressure: (Heat Sys. P.:),

if applicable6

1 Category numbers are defined in 1-1.1 of Modal Appendix 1.
2 When marking a variable CT, the category-specification number

is replaced with the words “Variable Category Cargo Tank”
(VCCT). See H5.7 for marking of variable category cargo tanks.

3 When the shell and head material specification numbers are
the same, they may be combined (Shell/Head Matl.: SA-516-70).

4 When minimum shell thicknesses are not the same for different
quadrants, show Shell Min. Thickness for top, sides, and bottom.

5 CTMV S/N may be replaced with “Vehicle Identification Num-
ber:” (VIN:).

6 If the CT certification plate designates a heating system, it
is not necessary to duplicate that information onto the CTMV
certification plate.
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(9) Heating System Design Temperature: (Heat Sys.
Temp.:), if applicable6

H5.5 Category 406, 407, and 412 Marking

(a) In addition to the marking requirements of H14.4,
the following information should be marked on the CT
nameplate (parenthetical abbreviations may be used):

(1) Maximum Design Density of Lading: (Max.
Lading Density:)

(2) Weld Material: (Weld Matl.:)
(b) See H14.4(b) for the CTMV nameplate marking

requirements.

H5.6 Multicargo Tank Category 406, 407, and 412
Marking

The CT information required per H5.4 and H5.5
should be listed for each CT from front to rear in the
order of the corresponding CT location. This information
may be supplied on a single nameplate or on multiple
nameplates. The multicargo tank motor vehicle may
have a combined CT and CTMV nameplate.

H5.7 Variable Category 406, 407, and 412 Marking

Variable category CTMV nameplates should be
mounted such that only the plate identifying the applica-
ble category under which the tank is being operated is
legible. In addition to the marking requirements of H5.4
and H5.5, the following information should be marked
on the CTMV nameplate:

305

Equipment Required Required Rating [Notes (1), (2)]

Pressure relief devices:
Pressure actuated type
Frangible type
Lading discharge devices
Top
Bottom
Pressure unloading fitting

Closures:
Manhole
Fill openings
Discharge openings

NOTES:
(1) The required rating is that which is necessary to meet the

applicable category.
(2) If no change of information in the CTMV nameplate is required,

the letters “NC” should follow the rating required. If the cargo
tank is not so equipped, the word “None” should be inserted.

Those parts to be changed or added should be
stamped with the appropriate category markings.

The alterations that should be made in order for the
tank to be modified from one specification to another
should be clearly indicated on the Manufacturer’s certifi-
cate and on the variable CTMV nameplate.

H5.8 Category 331 Marking

See H5.4 for the CT and CTMV nameplate marking
requirements.
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INTERPRETATIONS
VOLUME 60 — SECTION XII

Replies to Technical Inquiries
January 1, 2009 through December 31, 2009

FOREWORD

This publication includes all written interpretations issued between the indicated dates by the ASME
Staff on behalf of the ASME Boiler and Pressure Vessel Committee in response to inquiries concerning
interpretations of the ASME Boiler and Pressure Vessel Code. A contents is also included which lists
subjects specific to the interpretations covered in the individual volume.

These interpretations are taken verbatim from the original letters, except for a few typographical and
editorial corrections made for the purpose of improved clarity. In some instances, a review of the
interpretation revealed a need for corrections of a technical nature. In these cases, a revised interpretation
is presented bearing the original interpretation number with the suffix R and the original file number
with an asterisk. Following these revised interpretations, new interpretations and revisions to them issued
during the indicated dates are assigned interpretation numbers in chronological order. Interpretations
applying to more than one Code Section appear with the interpretations for each affected Section.

ASME procedures provide for reconsideration of these interpretations when or if additional information
is available which the inquirer believes might affect the interpretation. Further, persons aggrieved by
an interpretation may appeal to the cognizant ASME committee or subcommittee. As stated in the
Statement of Policy in the Code documents, ASME does not “approve,” “certify,” “rate,” or “endorse”
any item, construction, proprietary device, or activity.

An interpretation applies either to the Edition and Addenda in effect on the date of issuance of the
interpretation or the Edition and Addenda stated in the interpretation. Subsequent revisions to the Code
may supersede the interpretation.

For detailed instructions on preparation of technical inquiries to the ASME Boiler and Pressure Vessel
Committee, refer to Appendix VII.
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Subject Interpretation File No.

Code Case 2235-9, Flaw Acceptance Criteria of Table 1 for Welds in
Thicknesses of 1⁄2 in. Up to 1 in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XII-10-01 09-831
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Interpretation: XII-10-01

Subject: Code Case 2235-9, Flaw Acceptance Criteria of Table 1 for Welds in Thicknesses of 1⁄2 in. Up to
1 in.

Date Issued: August 26, 2009

File: 09-831

Question: In order to meet the flaw acceptance criteria of Table 1, shall both the limits on a/t and l
be satisfied; e.g., for a subsurface flaw, a/t is limited to 0.143 regardless of l and l is limited to 0.25 in.
(6.4 mm) regardless of a/t?

Reply: Yes, both criteria must be met.

7
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